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New Overcurrent Tripping Device 


By H. L. RAWLINS and J. SANDIN. (From Electrical Engineering, Vol. 66, No. 12, December, 1947, pp. 1194-1197, 
3 illustrations.) 


THE tripping requirements for low-voltage circuit 
breakers have been satisfied until recently by a self- 
contained series device that provided sufficient delay on 
overcurrent tripping for the immediate load at hand 
and which became instantaneous at rather low values 
of fault current. This characteristic was sufficient to 
provide for some circuit breaker selectivity on the lower 
values of fault current. With increased concentrations 
of power, the necessity for selective tripping of low- 
voltage circuit breakers throughout a greater range of 
fault currents has become apparent. It is recognized 
that relays and accompanying current transformers are 
undesirable in most installations from the standpoint of 
complexity and cost. 

The selective tripping of these circuit breakers has 
been accomplished in some instances by the addition of 
definite-short-time delay tripping devices that are effec- 
tive throughout the required range of fault currents 
although an improved type of delayed trip is needed to 
simplify the application of low-voltage circuit breakers. 

An entirely new type of device which can be adjusted 
to any desired characteristics and meets all the require- 
ments for delayed tripping devices is shown in Fig. 1. 
The unit shown has a 225-ampere coil rating and is 
suitable for both 225- and 600-ampere frame size circuit 
breakers. 
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ARMATURE 


PICK-UP 
——————— ADJUSTMENT 








required to unlatch the circuit breaker, the weight of 
the moving elements, the pull of the calibration spring 
in its maximum position, and the inertia forces of the 
moving masses. Strong upward pull on the upper 
core is obtained by increasing the flux density on the 
top surface of the core through suitable shaping of 
magnetic parts, the use of a small air gap, and the use 
of tapered conical surfaces between the upper and lower 
cores. The calibration or setting for minimum pickup 
is obtained by applying a suitable restraining force on 
the moving element. The toggle arrangement used to 
apply spring load to the moving element permits wide 
variations in pickup settings. 

The instantaneous armature provides for instan- 
taneous tripping of the circuit breaker irrespective of 
any action within the sealed timing element. On cur- 
rents above the prescribed value, the instantaneous 
armature is picked up by the flux inside of the lower 
core, after it has saturated, and bodily raises the whole 
sealed element. The value of instantaneous trip cur- 
rent is obtained by adjusting the position or by varying 
the cross-sectional area of the instantaneous armature. 
As this armature is within the field of a solenoid, it will 
have a force exerted on it dependent upon the series 
current through the coil This permits pickup adjust- 
ments for the instantaneous armature at all values of 

















Fig. 1. Sectional view of new unit. 
A—Normal position. B—Position when tripping with time delay. C—Position when tripped by instantaneous armature. 


Pickup occurs when the attraction of the cores 
exceeds the restraining force exerted by the weight of 
the sealed unit and the calibration spring. Delay is 
obtained by positive displacement of the fluid which 
is forced through the space between the upper core and 
the timing stem. The timing stem is the only variable 
in the sealed unit and its diameter determines the size 
of annular orifice and, therefore, the time characteristics. 

In operation, the upper core is held stationary by the 
attraction of its upper surface to the annular edge of the 
Magnetic frame while the attraction between the upper 
core anc: the lower core raises all parts of the sealed unit 
except the upper core. This action raises the trip 
bar to unlatch the breaker. Successful operation re- 
quires that the force of attraction of the upper core to 
the maznetic frame exceed all forces restraining the 
Movement of the sealed unit; these are, the trip load 
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current. 

Because fluid pressure in the sealed chamber is de- 
pendent upon the series current it is possible to provide 
long time delays for currents up to predetermined values 
and, by the operation of a by-pass relief valve, to provide 
short time delay for higher currents. This by-pass valve 
may be incorporated in the timing stem. The operation 
of the by-pass valve is simple in that above a certain 
pressure the valve spring is compressed, permitting the 
fluid to flow through a much larger orifice than the 
annular orifice on the outside of the timing stem which 
provides for long time delay. 

The reset spring serves to position the upper core in 
the normal position and to reset the core after its move- 
ment during overcurrent conditions. The storage of 
heat in the unit gives it a “‘ memory ” which may be 
regulated by making the reset spring weak or strong. 


105 





Silicone fluid is used to obtain timing because of its 
stability at higher temperatures and its smaller changes 
in viscosity with varying ambient temperatures. A fluid 
of high viscosity is used as it permits more clearance of 
moving parts and larger orifices which result in smaller 
changes in characteristics with manufacturing varia- 
tions. The tube and top disk are made of non-magnetic 
stainless steel because of its high resistivity, sturdiness, 
and resistance to corrosion. The cores are made of 
special silicon iron to reduce eddy currents and losses 
on alternating currents. On sealing, moisture and 
oxygen are removed from the fluid and internal parts 
by heat and vacuum treatment which ensures freedom 
from corrosion for the sealed parts. The final sealing of 
the timing element is performed very effectively by spot 
welding the disk to the flanged top of the tube. This 
operation, performed in a fraction of a second, in no 
way injures the liquid or internal parts. 

The design, adaptability, characteristics, and accur- 
acy of pickup and timing of this new overcurrent 
tripping device have been verified by thousands of 
tests over a 24-year period. Tests on fluids of various 
viscosities in structures having different orifices have 
shown that any desired time characteristic may be ob- 


The Effect of Friction on the Change of Shape of Forgings 


By I. Y. TARNOvsky. (From Vestnik Inzhenerov i Tehnikov, No. 9-10, 1946, pp. 291-295, 6 illustrations.) 


FORGING IN THE ABSENCE OF EXTERNAL 
FRICTION. 


WHEN a prismatic body is forged between flat surfaces 
in the absence of external friction there exists a linear 
state of tension. 


From the equations 
€, = ¢[o,—4 (02 + 95)] 
€, = ¢[o,—4(o, + 95)] \ 
€s = ¢[o;—4(0, + 9)] 
follows :— 
€2 0, — $(a, + a) 


a3 — 3 (a, + a2) 
where 
01 %5 03 are the main tensions, and 
€1) €) €g are the main elongations. 
When a parallelepiped with a right angled cross- 
section is forged the elongations are :— 
db dl 
eee er at Pl 
b l 


When these expressions are introduced into eq. (2), 
taking into account that o, = o; = 0, when a state of 
linear tension prevails 


(3) 


tained. Pickup tests from 80 to 200 per cent of coil 
rating in the same unit show that such a unit may be 
used to replace both the old type thermal-magnetic and 
the so-called ‘‘ dual-magnetic” with one universal 
overcurrent trip unit. 


The sturdiness of the new trip unit has been verified 
by its ability to withstand short-circuit currents up to 
500 times the coil rating and by the ability of the sealed 
unit to withstand severe shock tests. 

The ability of the sealed unit with its silicone fluid to 
maintain its characteristics throughout a long life is 
indicated by the operation of six units for over six months 
at a temperature of 150 degrees centigrade with no 
change in characteristics. Several units have had more 
than 1,000 overcurrent operations without change in 
characteristics and without noticeable wear. 

Tests show that the device will operate at all tem- 
peratures from — 40 to 100 degrees centigrade. 

It is believed that these tests, when considered with 
the proved reliability of other hermetically sealed devices 
such as solder-sealed capacitors and treated and sealed 
transformers, prove the complete adequacy of the new 
tripping device for the service intended. 


If this is integrated 
b, L, 1 ho 
log. — = log, — = — log, — 
0 0 1 
b h _ 
bo Ip h, 


ho; bo; and J, are the original dimensions of the parallele- 
piped, and h,, b,, and /, are the final dimensions. 


In the case of linear tension, a constant deformation 
takes place and the direction of the main axes remains 
the same. Therefore, the cross-section of the forging 
remains geometrically similar to the original as seen 
from eq. (5). 


(5) 


The following nomenclature will be used :—- 


The coefficient of increase in width B = 
The coefficient of elongation 


The coefficient of forging 


These are introduced into eq. (5) :— 


F 
B=rA= | — 
7 


meaning that in the absence of outside friction elonga- 
tion equals the increase in width. The law therefore 
is that :—When forging is carried out between flat 
surfaces, in the absence of external friction, the cross- 
section of the forging remains geometrically similar. 
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The trajectory of any point in the forging may be 
construed by considering the point as the top of a new 
parallelepiped, the dimensions of which are equal to 
the co-ordinates of the point. The co-ordinates of the 
glected point, before deformation occurs, are Ay 
(hoy bs 49) and during the process they are A (fh, }, /). 

As the volume remains constant 

ho bgp hy = hbi=C, ar = (7) 
where C, is a constant for the selected point. From 
eq. (5) 

b 
7 = C, oe es ee (8) 


This shows that the projection of the trajectory on 
the plane B1 is a straight line and consequently the 
trajectory itself Ay A, is a curve in the plane Q as seen 
in Fig. 1. 








A> 


Fig. 1. Trajectory of movement of a particle in the theoreti- 
cal case of complete absence of friction. 


_ The equation representing the trajectory, from eqs. 
(7) and (8) : 
hl? = C, ; and hb?=C, 


‘where C, and C, are constants for the selected point 
during the forging process. 

Experiments have been carried out to prove the 
above conclusions, by forging a soft metal (lead) be- 
‘tween polished forging surfaces lubricated with graph- 
‘ite, and these produced only insignificant barrel-shaping 
of the edges or malformation of the cross-section. It 
is impossible to obtain accurate results, because ex- 
‘ternal friction cannot be entirely excluded, but even 
swith small values of the coefficient of external friction, 
'¢g., » = 0°10, the experimental results show close 
agreement with the formulated law of similar cross- 
sections. 


DEFORMATION PRODUCED BY FORGING 
BETWEEN FLAT SURFACES, WITH EXTERNAL 
i FRICTION. 


__ It has been shown that the trajectory of any particle 
of a forging is represented by a hyperbola and its pro- 
jection on the plane of 6] by a straight line. This 
statement does not apply, however, for the movement 
sof particles in a forging, where external friction is pre- 
sent. 

Under the influence of friction the similarity of 
‘‘Toss-sections is not maintained and the “law of the 
‘smallest perimeter ” is applicable, which can be for- 
mulate as follows :—‘ Under the influence of friction 
4 cross-section of a prismatic body, when forged be- 
tween tat surfaces, will tend to assume a shape possess- 
ing ths smallest perimeter, i.e. a circle.” This law 
may be explained by the fact that plastic deformation 
takes place according to the law of minimum resistance. 
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As a further development the following assumption 
has been made : 

As the forged metal will flow in the direction of 
minimum resistance and as the resistance to flow in 
the transverse direction across the forging, when pressed 
by parallel surfaces, is approximately proportional to 
the distance from the free surface of the forging, the 
flow of the metal will tend to be in the direction of the 
nearest free surfaces. 

It is thought that the particles move through the 
shortest distances, i.e. along lines at rignt angles to the 
surfaces. 
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Fig. 2. Diagram of flow in the case of very strong friction. 
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Fig. 3. Diagram of flow in the theoretical case of complete 
absence of friction. 


Therefore, if friction is present, the movement of 
the particles will be as in Fig. 2, but if friction is absent, 
a radial movement occurs as shown by Fig. 3. In 
practice, however, the particles move in a way which 
is intermediate to these two extreme cases. 











Fig. 4. Projection of trajectories of particle flow in the case 
usually met in practice, of a certain amount of friction. 


The effect of friction is determined by the coeffi- 
cient of friction and the geometric shape of the forging. 
Fig. 4 shows the movement of particle A in a practical 
case. In the absence of friction, A would move in the 
direction of AC, but if friction is very considerable the 
movement will follow the line AB. In actual fact, the 
particle will move along a line AD. The lower the 
coefficient of friction, and the higher and narrower the 
cross-section of the forging, the smaller the angle CAD 
will be. 

In the case of very considerable friction, the planes 
dividing the two directions of flow are at an angle of 
45 deg., whereas in the case of radial movement (i.e., 
with no friction) this angle 


b 
tan Qa=--. 
l 


In practice the angle will be 





b 
— (9) 
1 

In order to find the increase in length and width of 
a forging, the statement that the resistance to the flow 
is proportional to the distance from a free side surface 
can be expressed by :-— 

db 1 


dl b 
This expression does not take » into account. Previous 


45 deg.> a > 


db 
experiments have proved that the relation of ey and p 
d 


can be expressed by an exponential function. If only 
the usual range of values for » is used, the following 
approximation is valid : 


db 1 \4u-1 
—_—= (~) MA << "@O) 
dl b 


In the absence of friction, i.e., unless » = 0, this equa- 
tion resolves to 
db dl 


b "4 
db dl 
When friction is present r. >—. 
l 
If eqs. (4) and (10) are solved simultaneously, we 
obtain 
db 


b 1 


Ce) 


When integrating this equation — was substituted for 
0 





vs because this simplifies the calculation, and the error 


is not considerable. 
The integration of eq. (11) gives, for the increase in 


width 
log B 1 


1 by \4u 
log — 1+{— 
7 ly 


and for elongation 
(- :- 
log A I, 


1 by \ 4u 
log — 1+ (= 
7 L, 


The meaning of these equations is that, if the volume 
of metal which has been forged is taken as unity, then 
log B 

is the proportion of it which has flowed across, and 
1 





(12) 





(13) 


log — 
7 
log A 
. is that which has flowed along it. 


log — 


ig. 5 has been drawn with the aid of eqs. (12) ay Th 


Fi 
(13). As a check for these equations, 200 exp: rimeny 
have been carried out with hot steel, duralumin, aj. 
minium and lead, between surfaces of different smoot. 
ness. The experimental results proved eqs. (12) ay 
(13) to be satisfactory. 


log 3 __ 
log(/9) 
ie) 














If eq. (13) is divided by eq. (12) 


log A / by \4u 
=) ee 
log B lL, 


This equation gives the ratio of volumes of met 
forged across and along the cross-section of the forging 
the amount of “ forging down ” is not considerabl 

it may be said that 


and this leads to 


Al ( by a 
= : 


4b 
Under these circumstances it can be said that 
db Ab 


~ 


¢ 


a 
which leads to 


ng 


ah by \ 4H 
1+ (= 
ly 


It can further be deduced from eq. (10) that 


1 /bo by \ 4u _- 
tana = — (= a+ (= . WE 
2 i, ly j 


This equation gives the amount of deviation from 
either of the extreme cases shown in Figs. 2 and3. 
Referring to Fig. 4, i.e. the general case, the met 
“forged down” in the areas abcd and bce/f leads to! ® 
broadening of the forging, whereas the metal forge? 
down in the triangles af and ced causes an elongatio 
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FRANCE 


The Empirical Determination of the Influence of Frequency 
on the Power Absorbed by a Consumer Grid 


By D. GADEN. 


(From Bulletin de la Société Frangaise des Electriciens, 6th Series, Volume 7, No. 75, November, 


1947, pp. 574-582, 7 illustrations.) 


1. INTRODUCTION. 


‘Tue theoretical and experimental study of the automatic 
Sspeed control of electric generating sets reveals that 
‘the slopes of the following characteristics are of great 
importance : 

(a) the torque of the prime mover as a function of 
the speed ; 

(b) the torque of the load, i.e. the resistant torque 
of the alternator as a function of the speed, or, 
in other words, the frequency of the electric 
current produced. 

' These two curves intersect at the normal operating 
‘point which is determined on the one hand by the 
‘speed, or the frequency the control gear is required 
‘to maintain, and on the other by the torque which is 
‘common for both, i.e. by the generated output. 

For increasing frequency values the two curves do 
not, as a rule, cover, because their slopes differ, and 
according to whether the two curves remain close to 
‘each other, or according to the amount by which the 
‘resistant torque increases over that of the prime mover, 
‘the conditions imposed on the control gear will be more 
or less severe. If the slope of the resistant torque is 
‘below that of the prime mover, the conditions are still 
"more unfavourable. 
| The shape of the characteristic of the prime mover 
' does not depend on the operation of the regulating 
'mechanism ; the characteristic is given for any particu- 
‘lar machine, and depends on the blading. In transient 
‘conditions, however, the torque may be influenced by 
a spoiling factor, as for instance, in the case of a water 
turbine, by hydraulic shock which modifies the pres- 
sure the turbine is subjected to. In the following, 
however, this is neglected. 

On the other hand, the shape of the characteristic 

of the resistant torque depends not only on the charac- 
) teristics of the consumer grid, but also on the working 
5of the voltage regulator. It is dependent on the latter 
-for two reasons : first through a permanent factor 
' which is the eventual static equilibrium between the 
voltage and frequency attained through the voltage 
‘regulator ; and secondly, through a transient factor 
‘determined by the electromagnetic time constant of 
‘the alternators. In the following, this transient factor 
»is also neglected. 

| Ifthe prime mover is a water turbine, the slope of the 
' motor torque is favourably negative in the neighbour- 
hood of —1 (the actual value is a function of the 
“Specific speed of the turbine). The slope of the re- 
| Sistant torque of the alternator on the other hand, can 
assume very divergent values according to the type of 
-load on the grid, the season, and the time of day. So 
‘far, only a small amount of exact data has been pub- 
| lished and it is for this reason that the results of experi- 
ments recently carried out by the Forces Motrices du 


héne in their Cusset Power Station are presented in 
this article. 


II. DEFINITION OF TERMS. 
At equilibrium, the motor torque and the resistant 


}) § ‘orque are equal, i.e. the energy generated is equal to 


the er orgy absorbed by the grid. 
} The following equations are valid :— 
R— Q, P—P, Cc—C, 
Sap Se eee § AE we eee 
25 Po Cy 
4w, 4p, and AC are the deviations of speed, 
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power, and torque, respectively ; 2, P, and C are the 
absolute values of speed, power, and torque ; and 2), 
P,, and C, are the normal values of speed, power, and 
torque. Therefore :— 
(1 + 4p) = (1 + 4C)(1 + 4w), 
or for small deviations :— 
4p=4C+ 4w .. ae ae (1) 

Thereby, it is assumed, of course, that the energy 
varies only with the variation of the frequency and not 
because of a change in the rate of consumption which 
is assumed to be rigidly constant. 


If, therefore, the ratio of 4p/4w is known, it will 
be found that 


(2) 


This means that the value of this latter ratio—which 
is the slope at the point of operation of the curve of 
the resistant torque + 4C = f(4w)—is essential for 
verifying the stability of the speed regulation of the 
generating set. 

Although this value can be determined expériment- 
ally, before actually installing the set, by connecting it 
to a water resistance and keeping the voltage constant 


(in which case ——- = — 1), the results obtained are 
4w 

not necessarily valid for a consumer grid, which also 

comprises motors under constant load (for which 

AC 


— = 0), motors the load of which is proportional to 
Aw 


4C 
the speed (= =+ 1) or to the square of the 
@ 


4C 
speed, as in turbo-machines (— = + 2) . It is 
w 
difficult, therefore, to foresee the behaviour of the com- 
plex grid which, consequently, must be determined 
experimentally. 


III. GENERAL. 


The energy absorbed by a grid is not only a function 
of the frequency, as characterized by 4w, but is equally 
a function of the voltage which can be characterized by 
U -—_ U, 0 
——— where U is the 

0 
absolute value of the voltage at tne speed 2, and U, is 
the absolute value of the usual voltage at the normal 
speed 2. 

Thus the influence of the frequency on the energy 
absorbed by the grid is not only due to its direct effect, 
but also due to its influence on the voltage, and it can 
be expressed as follows :— 

ap Op Au 
4p = — dw + — dw «= & 
dw du dw 


the relative deviation 4u = 


Au 
— is not determined by the grid, but by the voltage 


w 
regulator. It can be made zero with a perfectly com- 
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pensated automatic regulator, i.e. one which is strictly 
independent of frequency. In cases where there is 
no automatic voltage regulation, the importance of the 
voltage variation, resulting from a frequency variation 
of 1 per cent, depends on the number and character- 
istics of the exciters in the group. It can reach values 


Au 


in the order of 3 to 4 per cent, ie. — = 
@w 


+ 3 to + 4, 


IV. TESTS CARRIED OUT. 


It is sufficient, in principle, to vary the speed of 
generating sets feeding an otherwise isolated consumer 
grid and observe the corresponding variations of the 
energy absorbed by this grid. In practice, however, 
due to the power variations being small compared with 
the total output, it has been found necessary to confine 
the automatic speed regulation to one generating set 
and to operate the remaining nine sets with water tur- 
bine guide vanes blocked. Fig. 2 shows output varia- 
tions of the regulated set. 

These variations, however, are not the total for the 
whole station, because the output of the remaining 
nine sets, also varied as a function of the frequency, 
despite the blocking of their regulators, though to a 
much lesser degree ; but these variations can be cal- 
culated with sufficient accuracy. For machines with 
specific speeds of 700 to 800, the corresponding value 

%C Ip 
is about—— = 0°7; therefrom — = 
Aw dw 
the average output of the blocked sets was about 35200- 
2750 = 32450 kW, the output variation corresponding 
03 
to 1 per cent frequency variation was + —- x 32450 = 
100 


+ 03 and as 


= + 98 kW, and this must be added to the output 
variation of the regulating set. 


= 
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Fig. 1. Total output of all the generating sets of the power 
station. Voltage maintained rigidly constant, 
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Fig. 2. Output of the one regulating set of the station, 
Voltage maintained rigidly constant. 


To separate output fluctuations, due to normal 
changes of load, from those due to changes of frequency, 
the frequency was changed at regular intervals and the 
curve corresponding to the mean output during each 
period of constant frequency was traced. 

For the tests corresponding to Fig. 2, the grid 
absorbed—from the regulating set only—400 kW more 
at 49°5 than at 48°25 cycles/sec., with the total con- 
sumption at about 35200 kW. 


V. EVALUATION OF TEST RESULTS. 


To separate the direct, from the indirect, influence 
of the frequency on the power absorbed by the grid 
two series of experiments were carried out, one with 
constant voltage, and one with variable voltage. The 
grid used for these experiments was an isolated sector 
of the city of Lyon grid where there was a medium 
amount of industrial activity. 

The measurements for the first series of tests are 
shown in Figs. 1, 2 and 3. The voltage was kept 
rigorously constant by hand regulation. The results can 
be summarized as follows :— 


Mean Power supplied by the regula- 








ting set (Fig. 2) 2750 kW 
Mean power supplied by the remain- : 
ing (blocked) sets ae . 32450 kW 
Total mean output 35200 kW 

Output deviation of the regulating set 
for a frequency deviation of 1°25 c/s, 7 
i.e. 2°55 per cent (Fig. 2) Me 400 kW 

Output deviation of the regulating set 
corresponding to a frequency devi- ; 
ation of 1 per cent: =400/2'55 = 157 kW 

Output deviation of the blocked sets 
for a frequency deviation of 1 per : 
cent (see paragraph IV) ¥ 98 kW 
Total output deviation for a fre- ; 
quency deviation of 1 per cent 255 kW 
ee 

The specific deviation is, therefore, 
255 ap 
—— = 0°725 per cent, or — = +07 
35200 Ow 


The measurements of the second series were similar 
to those of the first, except that the frequency wé 
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regulated by frequency regulators ; but, because in the 

first series there was not perfect frequency compensation, 

the voltage remained, to some extent, a function of the 

frequency. The characteristic of this voltage regulation 

isshown in Fig. 4. Its slope approximately corresponds 
Au 


to the ratio ——- = 
@W 


0°5 ; and, in other words, a fre- 


quency deviation of 1 per cent brings about a voltage 
deviation of 0°5 per cent. The results of the second 
series can be summarized as follows :— 


Mean Power supplied by the regulating 





st ke a Ae Ye a 2400 kW 
Mean power supplied by the remaining 
(blocked) sets : ae a 34700 kW 
Total mean output He mr 37100 kW 
Output deviation of the regulating set 
for a frequency deviation of 49°5 — 
— 48°4 = 1:1 c/s, i.e. 2°25 per cent 1020 kW 
Output deviation of the regulating set 
corresponding to a frequency devia- 
tion of 1 per cent, 1020/2:25 = 453 kW 
Output deviation of the blocked sets 
for a frequency deviation of 1 per 
cent (see paragraph IV) 
03 
— x 34700 = 104 kW 
100 (a 
Total output deviation for a fre- 
quency deviation of 1 per cent 557 kW 
The specific deviation is, therefore, 
557 Ap 
4p = = 15 per cent, or —— = + 1°'5 
37100 Aw 


VI. COMMENTS AND CONCLUSIONS. 


With respect to the experiments carried out at 
Cusset, eq. (3) can be written 


Ap ap op Au 
=~. (2), o 
Aw Ow du Aw 

15 = 0°7 + (1°6 x 0°5) 
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Fig. 3. Frequency chart (Voltage maintained rigidly con- 
stant). 
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Fig. 4. Voltage deviation as a function of frequency deviation. 
Voltage regulated by automatic voltage regulators. 


which can be interpreted as follows :— 


(a) for a frequency deviation of + 1 per cent and 
a rigidly constant voltage the power absorbed 
varies by + 0°7 per cent and, consequently, the 
resistant torque varies by + 0°3 per cent ; 


(b) for a voltage deviation of + 1 per cent and a 
rigidly constant frequency, the power absorbed 
varies by + 1°6 per cent and, consequently, the 
resistant torque varies by 1°6 per cent. 


These figures must be compared with those corre- 
sponding to a pure ohmic load :— 


op 

— =0 _ (i.e. consumption independent of fre- 
Ow quency, as the voltage remains con- 

stant) ; 

op 

— = + 2 (i.e. consumption varies with the square 
du of the voltage) ; 

ac 

— =—1 compared with — 0°3 (pure ohmic load) ; 
Ow 

ac 

— = + 2 compared with + 1°6 (pure ohmic load). 
dw 


It must not be overlooked that the steeper the slope 
of the curve of the resistant torque/speed characteristic 


the easier it is to obtain a stable frequency (or voltage) 
regulation of the generating sets. In other words, 
assuming a certain stability and the same difficulties of 
regulation, a steeper slope of the characteristic makes 
it possible either to improve the speed of the regulation 
or to decrease the mechanical inertia WR? of the sets in 
question. 


The result of the tests carried out at Cusset lead, 
therefore, to the following conclusions :— 


(1) Testing the regulation of generating sets by con- 
necting them to water resistances while at the 
same time keeping the voltage constant imposes, 
in general, conditions which are too severe if com- 
pared with the conditions imposed by an ordinary 
supply grid. Such tests make it seem imperative, 
unnecessarily, either to reduce the speed of res- 
ponse of the regulator, or to increase the WR? of 
the generating set. 





(2) Contrary to results which designers of voltage regu- 
lators try to achieve, there is no indication—from 
the point of view of the stability of the speed regula- 
tion—that a perfect frequency compensation ought 
to be obtained. On the contrary, it is very favour- 
able to bring about a slight increase of voltage by 
an increase of frequency and the experience gained 
at Cusset proves that it is not inconvenient to 
allow a voltage variation of + 0°5 per cent for a 
frequency variation of 1 per cent. It would be 
interesting to ascertain whether even wider mar- 
gins might not be possible. 

(3) As in future the slope of the resistant torque 
speed characteristic of the alternator connected 
to the grid will be known in advance, it will be 
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easy (taking into account the effect of a no: com- 
pletely compensated voltage regulator) t de. 
termine the real degree of stability of a gene ating 
set by tests using a hydraulic resistance.  t will 
be sufficient to give the voltage regulators a 
Au 
characteristic slope of —— which will be such 
Ap 
that, taking into account the purely ohmic load 
constituted by a hydraulic resistance, it will corre- 
4C 
spond to the required slope —— of the resistant 
4w 
torque. 


Hydraulic Testing Laboratory for Centrifugal Pumps 


(From The Commonwealth Engineer, Vol. 35, No.5, December, 1947, pp. 192-195, 7 illustrations.) 


MOST MODERN of its type in the Southern Hemisphere 
is the hydraulic testing and research laboratory now in 
use at the works of Kelly and Lewis Ltd., makers of 
pumps and other machinery. The equipment has been 
designed and built to test centrifugal pumps with a high 
degree of accuracy, measurements of head, quantity 
flowing, and brake horse-power being made to an 
accuracy of 0-1 per cent. Similar equipment is found 
in only two other laboratories in the world—at the 
National Physical Laboratory, England, and at the 
Hydraulic Laboratory of the Californian Institute of 
Technology. 


MEASUREMENT OF POWER. 


Either of two reversible type electro-dynamometers 
supplies metered power from 0-05 to 60 h.p. at speeds 
from 500 to 3,500 r.p.m. to the pump under test. The 
10 h.p. dynamometer, designed and built by Kelly 
and Lewis, has the body supported at each end on low- 


friction wheels and the torque is balanced and measured . 


by moving a weight or weights along an arm rigidly 
fastened to each side of the body. Balance is shown by 
a sensitive dial indicator and then the position of the 
weight is read to the nearest 0-001 in. 

The 60 h.p. Heenan and Froude dynamometer is 
similar but its body is mounted on ball bearings and 
an arm fixed to one side of the body is fastened to a 
spring balance reading from 0 to 20 Ib. in increments 
of 0-1 lb. A scale pan is attached to the spring balance 
for the addition of extra weights. 

Both machines can be run as generators when re- 
quired for testing electric motors or engines. 

Speed of the dynamometer in each case is measured 
by a Synchro-Tac tachometer coupled to a revolution 
counter, and the controller is adjusted until the dynamo- 
meter is at the desired speed. Precise measurement of 
the speed is then made by a separate revolution counter 
which sends an impulse every 100 revolutions to a 
chronograph, driven by a synchronous motor. These 
signals are recorded on a tape, as also are timing im- 
pulses at one-minute intervals from an electric clock and 
if desired, impulses at six-minute intervals from a 
Gisholt magnetically-maintained pendulum clock. 


MEASUREMENT OF HEAD. 


Delivery head is measured by a dead-weight pres- 
sure gauge, designed and built at the works. The 
machine consists of a vertical cylinder rotating at con- 
stant speed and sealed below by a fixed piston and 
above by a piston which presses on the underside of a 
beam, pivoted at one end and with movable rider and 
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Fig. 1. Diagrammatic layout of laboratory showing a large 
pump under test. 


The pump is driven by the large dynamometer (LD), the small 
dynamometer (SD) in this case not being used. Delivery head is 
measured by dead-weight pressure gauge (PG) and a valve (V5) is 
adjusted to give the desired head. The water being pumped is 
directed by valves (VI, V2, V3) through the appropriate one of 
three Venturi meters (VM1, VM2, VM3) and differential pressure 
is measured by manometer balance (MB). From the meters the 
water flows to the suction tank and thence returns to the pump. 
Suction head is measured by U-tube (U) and controlled by a valve 
(V4) before the suction tank, in conjunction with a vacuum pump 
on the tank. When calibrating the Venturi meters the flow is 
directed by a valve (V6) to the calibration tanks. 





WARD-LEONARD | 





scale pan for weights. The pressure is transmitted 
by oil to the space between the pistons, and balance 1s 
secured by adjusting the weights. With this, pressures 
from 2 to 158 lb. per sq. in., representing heads from 
5 to 365 ft. of water, may be measured to 0-1 per cent. 
A vacuum pump on the suction tank facilitates the 
adjustment of suction head, which may be maintained 
at any head between 30 ft. suction and 50 ft. pressure. 
Suction head is measured by a mercury gauge. 


MEASUREMENT OF FLOW. 


Quantity of water discharged is measured by passing 
it through a reversible flow type Venturi meter of 2, 
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4or 8 in. dia. or through a measuring orifice of 34 or 54 “run to waste” position and. the make and break 
in. dia. in the 8 in. pipe. These enable any flow up to contact is again operated. -In this way the time during 
1,700 g.p.m. to be measured to 0-1 per cent. which water was flowing into the tank may be read off 
The Venturi meter differential pressure is read on the chronograph tape, while the quantity of water in 
a@ manometer balance. This is a sensitive balance the tank is determined from the reading of a hook. 
made up of two ae bape = 3 in. —. dia. —, gauge. 
cally and tied together at 35 in. centres by a mild stee 
pd which is supported on special ball bearings at : P ‘OWER SUPP LY. 
the centre. The tubes are partly filled with mercury Direct current is supplied to the dynamometers by 
which may flow along a linking tube from one to the two Ward Leonard sets, one of 17 kW and one of 75 kW. 
other. The top of each tube is joined hydraulically Connections to the dynamometers are led through a 
to one side of the differential pressure, the leads passing rubber hose to a movable pedestal having plug-in 
out through rubber piping along the pivot axis in order sockets, so keeping the number and length of trailing 
not to affect sensitivity. Any ——- pressure cables to a minimum. 
causes the levels of the mercury in the tubes to vary 
and this “‘ out of balance ” is weighed and the pressure TESTING A PUMP. 
difference then calculated to 0-005 in. of mercury. Under normal test conditions the pump sends. 
As an alternative to the manometer balance, a water through a closed circuit—from pump to the 
water gauge (inverted U tube) may be used for differen- appropriate Venturi, to suction tank, and back to the 
tial pressures up to 8 ft. of water. pump. Valves are adjusted to give the desired suction 
For direct measurement of small flows and for and delivery head while speed of the pump is held at 
calibrating the Venturis and orifices, two cast iron the desired rate by an operator at the controller. When. 
tanks, 4 ft. 6 in. dia. by 12 ft. high are provided. These conditions are steady, and the various meters in balance, 
were made in sections which were machined internally readings are made of pump speed, suction head, delivery 
and erected with care in ordér to avoid distortion. head and Venturi differential pressure. From a series 
The pump discharge, after passing through one of of these readings the characteristics of the pump may 
the flow meters, may be diverted to either or both of be calculated and plotted. 
these tanks by a deflecting switch operated by a solenoid. Most of the work of the laboratory to date has been 
Movement of the deflecting switch operates a make and the testing and calibrating of centrifugal pumps made: 
break contact which sends an impulse to the chrono- at the works and the preparation of performance curves. 
graph. When the current to the solenoid is cut off, a Exhaustive tests are also made on prototype impellers. 
weight returns the deflecting switch to its normal or and pumps for the development section. 
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Analysis of the Thermal Ignition Process in Internal 
Combustion Engines 


By V. P. Karpov. (From Automobilnaya Promishlennost, No. 9, 1947, pp. 8-10, 3 illustrations.) 


IN the operation. of internal combustion engines diffi- a= vQ'w... ae ee (1) 
culties are sometimes experienced owing to premature 
ignition of the combustible mixture. This premature 
ignition may extend to the intake manifold and lead to 
a fire in the carburettor. Premature ignition can occur 
both during the compression and the intake periods. 
In dealing with this problem it must be kept in mind 
that the combustion reaction takes its course considerably 
faster if the reacting substances come into contact with 
the hot surface of the combustion cavity into which they 


where q, is the amount of heat in cal. which is developed 
by the reaction per second in a cavity of the volume wv 
in cu. cm. ; Q’ is the amount of heat developed in each 
elementary reaction process, i.e. Q’ = Q/Na, where 
Q is the thermal effect of the reaction per gram mol. 
and N,g is the Avogadro number which is 6°06 x 10”% ; 
and w is the speed of the reaction measured by the 
number of molecules of reaction products produced 
are introduced. Moreover, owing to the catalytic gp ag —- per names. a Pg speed w, 
action of incandescent carbon deposits on the hot St CP CORE CE S LORETO OF ENE UH SHEEN, 
surfaces, the speed of reaction at such points will be —_ 
considerably greater than in the cavity itself. Thus, a, tr 
the hot surfaces of the exhaust valves, of the piston w=kare ee ee (2) 
face and of the spark plug electrodes, carrying deposits where k is a velocity constant, m is an exponent, a is 
which are capable of catalytic effect, will not only the number of molecules of the initial substance per 
shorten the time of reaction but also lower the tem- E 
perature of its inception. Obviously, the process of "RET 
the combustion reaction and its duration will also unit volume at the inception of the reaction, e is 
depend upon the heat exchange taking place between the Arrhenius factor, E is the heat of activation in gram 
the products of the reaction and the circumambience, calories per mol, R,. is the gas constant which is 1:°985 
that is, upon the heat lost to the walls of the combustion or approximately 2 ; T is the absolute temperature in 
cavity in which the reaction takes place. deg. K. For bimolecular reactions k is taken as 
There exists a close interrelationship between the V 2 worn where o is the nominal diameter of the 
combustion reaction and the speed of the release of the molecules and u is their thermal velocity. Eq. (2) is 
amount of heat g, which is responsible for the rise in seen to be in full agreement with the fact that the 
temperature in the combustion cavity as well as of the reaction considerably accelerates with increasing tem- 
amount of heat g, transferred to the wall surface. Let perature T of the reacting substances. By combining 
us assurne that the combustion reaction proceeds in a eqs. (1) and (2) we obtain : 
cavity of the volume v. According to the theory 
establis!':d by N. N. Semenov, the relationship between 


E 
p 70Cka -s 
the the nal effect of the chemical reaction and the >= ¢ -~ A a @ 
reaction speed can be expressed by Na 
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The amount of heat g, transmitted to the walls of 

the combustion cavity is determined by 

= X(T—T,)S ae Ae (4) 
where T is the temperature of the reacting gas, JT) is 
the temperature of the walls of the combustion cavity, 
S is the surface area of the combustion cavity, and X 
is the coefficient of heat transfer. The latter coefficient 
can be determined for the cylinder of an internal com- 
bustion engine by the equation 

0°99 (p? T)§ (1 + 0°185c,,) 
X= [cal/cm? sec.] 
36.x -10* 


‘where c,, is the mean velocity of the piston in m/sec. 
According to eq. (3) the quantity of heat g, increases 
with rising temperature for constant values of a, that is, 
with a constant number of molecules per unit volume. 
For a given temperature the amount of heat g, developed 
by the reaction will be the larger the greater the number 
of molecules per unit volume, or the greater the pres- 
sure at which the reaction takes place. In Fig. 1 is 
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which a given quantity of heat q, is lost from the reaction 
space. It is therefore obvious that to a large extent 
the thermal ignition in the reaction space depends upon 
the relationship between the heat quantity g, developed 
by the reaction and the amount of heat g, transmitted to 
the walls of the cavity. If the heat release is large in 
comparison with the heat loss, then detonation may 
take place ; vice versa, if the loss of heat is large, 
detonation cannot take place. It is obvious therefore 
that limiting critical conditions exist which are given 
by the ratio g,/q. 

If the straight line of the heat loss g, intersects with 
the curve q,’, then gq,’ is at first larger than q2 3 for the 
temperature T,’ the amount of heat q,’ is equal with 4 
and in the temperature range extending from 7,’ 
T2’, g;’ is smaller than qo. 

It is obvious that, within a given temperature range, 
heating of the initial substance cannot take place if at 
the prevailing pressure (represented by the curve q,’) 
the heat supply is smaller than the heat loss. Different 
conditions prevail if the reaction takes its course accord- 

ing to curve q,’’, which lies 
above the straight line 4,. 
In this case a continuous 
temperature rise takes place 
as q,’” is always greater 
than g,. The point of inter- 
section of curve q,”’ with the 
straight line g, determines 
the minimum reaction tem- 
perature 7, in the com- 
bustion space for which 
9:1’ =. Consequently 7, 
represents the minimum 
temperature of the walls of 








| 

I 

! 4 
Or ine ef © 10 to 
Fig. 1 





sshown a series of curves q,’, g;’’, 9,’ which, on the one 
hand characterize the variation in the amount of heat as 
caused by an increase in the temperature of the reaction 
space, and, on the other hand, show the influence of 
pressure ; the heat release for a given temperature will 
increase with the pressure. The relationship between 
the pressure and the number of molecules is given by 
the equation 
aRT 
= ~ 10% x" 750 
A 
where R = 83°15 x 
We can therefore write 
ax 83:15 


[mm Hg] 
10°* erg, and Na = 6:06 x 1075. 


T x 750 
~ aTx 10" .. (5) 





6:06 x 1078 


p 
or a=—10"... ns Sie (6) 
si 


Analysis of eq. (4) leads to the following conclusions : 
For a given surface area s of the cylinder cavity and for 
‘a constant wall temperature Ty of the cavity wall, the 
heat loss g, varies in linear relationship with the tem- 
perature T of the space in which the reaction proceeds. 
In Fig. 2 is shown a number of straight heat loss 
characteristics. Each one of these straight lines g,’, g2’’, 
4)’, Tepresents a progressively higher wall temperature 
so that 7, < 7, <if'<. 

From Figs. 1 and "9 it will be seen that the identical 
quantity of heat g, can be transmitted at different tem- 
peratures of the walls of the reaction space, but for a 
given temperature T of the reaction space the amount 
of heat g, transmitted to the walls of the reaction cavity 
will be the larger the lower the wall temperature. 


Moreover, the higher the pressure at which the reaction’ 


proceeds, the higher is the temperature of the walls at 


414 


To the cavity at which the 

gas contained in that cavity 
Fig. 2 under a pressure corres- 

ponding to the curve g,” will 
ignite ; the point of intersection of the straight line 
q2 with the curve q,’’ determines the temperature 7, ; 
the difference 7, — T, = AT, represents the detonation 
temperature at the given pressure, the latter being 
termed the critical pressure of self-ignition at the cavity 
temperature 7). 


It is seen that an increase in the temperature of the 
combustible gas mixture with the pressure remaining 
constant, or, vice versa, an increase in pressure with the 
temperature remaining constant, leads to such an 
increase in the reaction speed that ignition eventually 
takes place. Experiments show that even if the process 
of ignition takes place almost immediately, the pre- 
ignition reaction takes a certain length of time and it is 
this pre-ignition reaction which determines the ignition 
delay. Summarizing it can be said that the combustible 
mixture requires time not only for the heating-up 
process but also for the pre-ignition decomposition 
process. 


Referring to Fig. 2, if g, = g, and T = T,, and 
dq,/dT = dq,/dT, then 


E 
vQka" ~RT; 
momen «X0,—~Tjs .. © 
Na 


E 
dq, vQka" ~ ReT1 E dq, 
ng aes ee 
aT, Na 


> 


a.72° #f, 


E 
EvQka" “RT; 
and ——_—— ¢ =XxS 
N, R, T;? 


and according to N. N. Semenov we obtain 
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vQka"Ee 
NaR, Ty)? XS 


~ RET 
ée 


By introducing a= —x 10" 
¥ 


into eq. (9) the relationship between the gas pressure 
and the temperature T, will be given by 
E 
vQkEex 10" 7 Reve 
p” e =) (10) 
NR, T,2+* XS 


This formula makes it possible to determine the 
critical pressure for different temperatures of the wall 
surface of the cavity in which the reaction proceeds. 
In the case of the cylinder of an internal combustion 
engine the temperature to be taken into account will 
be that of the hot valve parts, the piston face, and the 
spark plugs. 

It will be of interest to solve a numerical example 
with the use of eq. (10). It will be assumed that the 
combustible-air mixture is introduced into the cylinder 
of an internal combustion engine the cylinder wall 
temperature of which is 7, = 523 deg. K., further, 
that the combustion reaction at the point approaching 
the temperature of ignition leads to CO and H,O as 
products of the pre-ignition reaction. The mixture of 
CO and H,O with air is assumed to be effected with an 
excess air factor « = 1. Under these conditions 
each gram mol of the mixture develops an amount of 
heat Q = 18°5 cal per gram mol in the combustion 
process. It will also be assumed that the reaction has 
bimolecular character. The working volume of the 
cylinder will be taken as 500 cu.cm. Withu = 5x 10! 
cm per second and o = 1°7 





the critical pressure during the compression period. 

For T, 1,000 deg. K. and 7, 1,080 deg. K., 
self-ignition will always take place because under these 
conditions the critical pressure is p, 0°237 kg per 
sq. cm. which is considerably lower than the pressure 
usually prevailing in the cylinder during the induction 
period. Computed values of p, for different tempera- 
tures T, are given in the accompanying table, while the 


cm 


227 327 $27 





10° the constant k = 
=4/ 270? u will have a 
numerical value k= 64:2 x 
< 10°", The temperature 


Ti 
deg. K. 


| 
| 


x 


cal/deg. C. cm? 


12500 
To 
e 





of the mixture at the hot 
surface will be approxi- 
mately equal to the tem- 


108 
109 | 
108 | 
108 


10-3 
10-3 
10-3 
10-3 


perature 7, during the in- 
duction period. Further- 
more it will be Na = 6°0 

(oe, Ry = 2, E = 
25,000 cal per gram mol, 
e=2°7, S = 358 sq. cm. 
The coefficient of heat 
transfer from the gases to 


cooooooooseoe 


xx xx xXXKX KK XX 


108 | 
108 
1010 | 
108 | 
108 
109 
108 
108 
| 105 1012 
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the cylinder walls can be 
determined for from 


0:99 (p? T,)4 (1 + 0°185 c,,) 
36 x 107 
where, in the present example, p = 1 kg per sq. cm., 
R, T,* 
T, = T,+ -—, 
E 
and the mean piston speed c,, = 12 m/sec. By intro- 
ducing numerical values into eq. (10) 
185 500 x 64°2 x 10-12 x 25 x 108 x 2°7x 1088 
2 ‘ 2:7723°9 —] 





Pi 





12x 103 x 0°75x 10! x 0°72 10-3» 
and therefore 
Pp, ~ 13°8kg per sq. cm. 
This result shows that for the given cylinder wall 
‘emperat ire and for the given mixture temperature 7, 


‘el~igni:-on will not take place during the induction 
Period ; out it may take place if the pressure approaches 
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relationship existing between p, and Ty, is charted in 
the diagram Fig. 3. It will be readily seen from this 
diagram that if T, = 750 deg. K. or less, self-ignition 
of the combustible mixture under consideration cannot 
occur during the induction period of a conventional 
internal combustion engine. But it will occur at the 
high pressures prevailing during the compression period 
even with relatively low wall temperatures 7). Self- 
ignition will also take place if the gas mixture itself 
is hot and if the temperature 7, is high. These con- 
ditions are frequently encountered in plants where the 
engine is supplied with hot producer gas. 

In the case of petrol-vapour mixtures having tem- 
peratures ranging from 330 to 350 deg. K.*during the 
induction period, self-ignition cannot occur during the 
suction stroke as the turbulent movement of the mixture 
cools the hot cylinder surfaces. But if the engine is 
overheated, the mixture will receive a considerable 
amount of heat from the hot surfaces, particularly if 
the engine is air-cooled, and self-ignition during the 
suction stroke will take place so that operation of the 
engine cannot be continued. Only after the engine 
has cooled down sufficiently can operation be resumed. 
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Location of Faults in Cables by means of a 
Single Measurement 


By L. Roszas. 


(From Elektrotechnik und Maschinenbau, Vol. 64, No. 11/12, November/December, 1947, pp. 


180-181, 2 illustrations.) 


To determine the pesition of a fault in a section of a 
cable where the insulation resistance is reduced, for 
instance between the two insulating sockets adjacent to 
the defective position, the far end of the cable is con- 
nected to the measuring instrument by means of auxiliary 
lines when the return lines are not in good condition. 
The usual measuring methods (excepting the search-wire 
method which, however, is not easily applied in built- 
up areas) require at least three separate measurements 
which cannot be made simultaneously ; from these 
the resistance of the entire defective line from the near 
end to the far end of the cable, and the resistance of the 
defective cable from the near end to the defective posi- 
tion can be determined, and hence the position of the 
fault can be calculated. 

The auxiliary lines are laid on the ground or over 
trees and buildings, and owing to the influence of tem- 
perature, their resistance may vary considerably during 
a small time interval, causing a measurement error 
which cannot be determined by calculation. Particu- 
larly unfavourable conditions exist when a heavy cable 
is connected to auxiliary lines with a much smaller 
cross-section, since in this case the resistance fluctua- 
tions of the auxiliary lines may cause an apparent change 
of many metres in the position of the fault. This 
difficulty has hitherto been overcome by making a 
series of measurements and interpolating the results so 
as to obtain values referring to a same instant, but a 
certain amount of inaccuracy always remained. 

It was, therefore, found necessary to develop a 
method which would enable the defect to be localized 
after a single measurement. The circuit evolved for 
this purpose consists of a bridge which is set up near 
one‘end of the cable. The instrument works with two 
simultaneous balancing circuits, one of which locates 
the fault within the circuit constituted by the cable, 
the instrument leads and the auxiliary lines, whilst the 
other determines the position of the fault on the de- 
fective cable. Thus, any variations of resistance with 
time have no effect on the measurement. For this 
method a second mirror-galvanometer is required, pro- 
vided with several sensitivity ranges, as well as a second 
adjustable resistance. This resistance does not have 
to be calibrated as it does not enter the calculation, but 
it must have a fine adjustment in its low ohm range 
which can be obtained by connecting a slider resistance 
in series with a resistance with various tappings. The 
schematic diagram of the installation is given in Fig. 1, 
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Fig. 1. Schematic diagram, 

r = resistance of entire defective cable. 
rg = resistance of defective cable from near end of cable to 

the defective position. 
= currents of balanced bridge circuit. 
B = battery. 
Gz2= galvanometers with several sensitivity ranges. 
a fixed bridge arm (1000 ohms). 
b 
m 
n 
¢ 


t1, te 
Gi, 


adjustable arm (0 — 1000 ohms). 

instrument lead from near end of cable. 

auxiliary line from instrument to remote end of cable, 
resistance of R and m combined, 
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and the arrangement can be regarded as a modified 
Murray circuit with simultaneous compensation of the 
auxiliary and measuring lines. 

The galvanometer G, is situated as in the Murray 
circuit between the fixed and the adjustable arms of 
the bridge, whilst the galvanometer G, is directly in 
parallel with the defective line. The bridge is balanced 
by adjusting arm 4 and the resistance R, and by increas- 
ing gradually the sensitivity of both galvanometers until 
they show a complete absence of current. The equival- 
ent circuit is shown in Fig. 2. When the bridge is 
balanced we have 


i, Ob c x l, 
ly . a n r—x 
so that x and /, are determined by 
x=rb/(a+b), 
1, =1b/(a + 6). 


I—l, 


Fig. 2. Equivalent circuit. 


Theoretically, 7, can assume any value between 
zero and / ; but generally speaking the defect is rarely 
located at the beginning or at the extreme end of the 
defective line. In order to test, for instance, a section 
of the defective line between two insulator sockets, this 
section is separated from the rest of the network, and 
its ends are bent upwards so as to connect with the 
auxiliary lines going to the measuring instrument and 
are thus not in contact with surrounding objects over 
the last 10 cm of their length. The ratio /,/(/ — /,) 
therefore is never equal either to zero or infinity, and 
this also applies to the ratios b/a and c/n. Thus the 
ratio of the two arms of the bridge can be adjusted 
without difficulty to any required value by reducing 
one of the resistances to zero and by interchanging the 
two resistances. 

The compensation of the instrument leads and auxili- 
ary lines which have fixed resistance values can be 
achieved by. inserting the resistance R in series with 
either m or n, so that the ratio can then be varied be- 
tween m/(n + R) and (m + R)/n, the first ratio being 
used for faults at the near end and the latter ratio for 
faults at the far end of the cable. It has been found 
that a 100,000-ohm resistance is sufficient for nearly 
all practical cases. 

If the fault were situated at one of the extreme ends 
of the cable, a case which, as already mentioned, hardly 
ever occurs, then a complete balancing of the bridge 
would not be possible, but this indication would be 
sufficient to show that the case under investigation was 
an extreme case, so that the fault could also be located 
in this manner. 

The method of measurement described can be used 
as all other null methods with bridge circuits, for all 
cases where the insulation is reduced, up to approxi 
mately 10 megohms. If necessary the second galvano- 
meter can be replaced by a short-circuit switch which 
can be alternately opened and closed; and in both 
positions of the short-circuit switch the galvanometer 
must show a zero current. 


THE ENGINEERS’ DIGEST 





presst 





lified 
f the 


array 
1s of 
ly in 
nced 
reas- 
until 
Lival- 
ge is 


GERMANY 


Investigations on Torsion-Bar Suspension Springs 


By O. FOprL. 


A. OPTIMUM CONDITIONS FOR THE 
SURFACE ROLLING PROCESS ON 
TORSION BARS. 


(From Metalloberflache, Vol. 1, No. 6, 1947, pp. 133-137, 
4 illustrations.) 


FaTIGuE failure of torsion bars usually occurs at or near 
the surface, and torsional endurance strength of highly 
stressed metal parts can be considerably increased by 
densification of the surface layers, up to 0°04 inches in 
depth, by means of surface rolling or shot peening. 
Surface rolling can increase the endurance strength of 
mild steel by about 30 per cent, that of high carbon 
steel (55 tons/sq. in. U.T.S.) by 50 to 70 per cent. It 
is especially useful if applied to shapes which favour 
stress concentration (notches, threads, the endurance 
of which can be increased by 80 to 100 per cent) or 
to parts exposed to fretting conditions due to the mode 
of assembly (fixed ends of torsion-bar springs). If 
the maximum permissible endurance stress imposed on 
atorsion-bar spring can be increased by 50 per cent, 
the spring resilience increases to 2°25 times its original 
value. 


The improvement obtainable depends on the pro- 
duced surface stress omax and the depth of penetration 
t, and optimum values must be determined separately 
for each case. These optimum values, however, de- 
pend on the applied pressure P, the rim radius r of the 
pressure roll (Fig. 1), and the feed s of the roll per 

/ revolution of the bar. Since the 
“ material is plastically deformed, 
Hooke’s law is not valid, i.e. the 
deformation does not vary linearly 
with the applied stress but, with 
some steels (e.g. 45 tons steel), 
changes in sudden steps of plastic 
yield from one state of equili- 
brium to another (see Part B). 
No general law has yet been found 
to account for these changes ; it 
can only be shown that Hertz’s 
equations for the deformation of 
interpenetrating spheres cannot 
be applied to this case. 
If roll and test piece dia- 
Fig. 1, Cylindrical test meters are kept constant, and 
ber s gurface-pressed if the pressure P is changed 

; j i proportionally with the roll rim 
radius r, the various elliptical impressions produced 
in the bar should show equal length / and widths 
which are proportional to r and therefore P (Fig. 1). 
The depth of penetration t should then also be 
Proportional to P, according to Hertz’s theory, and 
the surface stress omax should be independent of P. 
Surface rolling now produces axial stresses, and changes 
in bar lengths can be observed as the stressed surface 
layers are progressively etched away. Fig. 2 shows the 
axial changes as a function of the total radial thickness 
which has been etched away. The tangent to these 
curves at the point of origin indicates the maximum 
surface stress due to rolling whilst the point at which 
the tangents become horizontal lines indicates the depth 
% penetration. Although the surface stress is proved 
to be con stant for various pressures (Fig. 2), the depth 
of Penetrstion does not vary with P but increases only 
“5 times when P increases from 12 to 120 kg. The 
assumptions of theory are not applicable, therefore, 
and the inaterial cannot be considered homogeneous 
and the ~rain size not negligibly small compared with 
the exter: of plastic deformation. The larger the grain 
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Etching diagram. Surface pressure, rim radius, 
and feed increasing proportionally. 


Fig. 2. 


size relative to radius r, the bigger is the depth of pene- 
tration t, so that for materials of equal grain size and 
for P increasing proportionally with r, the penetration 
t increases more slowly than P or r. Grain shape and 
size must be included in any equations for t, and as 
yet experience is insufficient to suggest any quantitive 
relationship. 

In Brinell hardness tests, the duration of load appli- 
cation plays a big role. During surface rolling, the 
spot of maximum pressure changes constantly, and it is 
difficult to say how long pressure is applied to each 
spot. However, tests with six times repeated rolling 
or six times smaller feed, and therefore six times longer 
load application, do not show any appreciable change 
of omax or t from normal values. The time of pressure 
application is therefore of little significance in normal 
practice. 

If bar and roller dimensions and feed s are kept 
constant and only the rolling pressure P is increased 
from 40 to 300 kg, the “ etch diagram,” Fig. 3, shows 
that omax is nearly doubled, and the depth increased 
four times. No quantitative explanation of these changes 
has yet been given. 
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Fig. 3. Etching be for various pressures at constant 
eed and rim radius. 


Test bar 43 mm diameter, 200 mm long, roller diameter 40 mm, 
radius of roller rim 1 mm, feed 0 07 mm per rev. of test bar. 


If pressure P and bar and roller dimensions are 
kept constant and the feed s is increased, the surface 
stress omax falls more rapidly than the depth of pene- 
tration ¢ (Fig. 4.). Since the etch diagram shows 
a mean omax averaged over the length of the bar, it is 
obvious that with increased feed larger sections of the 
bar do not receive the full pressure applied directly 
underneath the maximum roll diameter and that there- 


117 













_ $:0.035mm/rev 
! 
| 


5-0 070 andO 140 
40} 
u } 
— 35; 
° 
Y 30: 
c 25 ' aR ae sam oa CU, Rea | - 
Tr | BAR NO IS mmreviSmex kgm t mm! 
4 30 = ee 
| 90 9th |0035! 210 078 
1Sr bh sctainsadaecano Re RE Se: EL | 
| 92 93h !0070. 170 ‘O70 
1Or -+———- Do Spe 


eke 
94, 95h jO140| 170 1070 


HH —+— on 
96, 97h 10280! 148 |O67! 
- . — _— . done = Snes See 
O01 O02 03 04 OS O06 O7 O8 O9 
ap in mm - 


Fig. 4. Etching diagram for various feeds at constant 
pressure (160 kg) and rim radius. Dimensions as for Fig. 3. 


fore the mean stress value must fall. The surface 
stress is less uniform. The curves of Fig. 4 give 
average values from tests on two test bars for each 
curve; the test values are straying slightly, probably 
due to-differences in the materials or rolling procedures. 
A check on the total lengths of the bars before and after 
rolling proves that the straying is practically unimport- 
ant. Penetration depth f¢, i.e. the abscissa of the point 
at which the tangent becomes horizontal, as well 
as surface stress omax generally increase with decreasing 
feed s. For feeds between 0°14 and 0°07 mm per 
revolution of the bar, the increase is not noticeable within 
the limits of test accuracy. If, however, the feed is 
further reduced to 0°035 mm per rev., omax and ¢ 
increase very noticeably. One must conclude that there 
is a discontinuity when the feed is reduced below a 
certain value. 

We know from torsion tests that plastic yield in 
the surface layers occurs in sudden changes from one 
state of equilibrium to another. Conditions during 
surface rolling are similar to those of torsion tests be- 
yond the yield point, and a small change of rolling 
conditions may therefore produce a large change of 
surface yield. It is then important to know which 
state of equilibrium (see Part B) of the surface layer is 
obtained after rolling because omax and t¢ are decisively 
influenced by the state of equilibrium of the material. 
It may also happen that very small differences in the 
quality of the material (annealing temperature) influence 
the result of surface rolling. If this assumption of 
sudden plastic changes between different states of 
equilibrium is correct, it will be impossible to determine, 
with the aid of continuous mathematical equations, the 
separate influences of different rolling conditions on 
the final state of the rolled material. 


B. STATIC CALIBRATION AND PERMANENT 
SET OF TORSION-BAR SPRINGS. 
(From Werkstatt und Betrieb, Vol. 79, No. 6, 1946, 
pp. 205-208, 6 illustrations.) 


Torsion-bar suspension springs as used in the car 
industry may fail by fatigue fracture or by permanent 
setting. Surface rolling treatment increases endurance 
strength but also increases the danger of permanent 
deformation. Although normally the endurance strength 
is the decisive factor, the influence of different condi- 
tions on the tendency to permanent deformation cannot 
be neglected. 

Test bars of 12 mm (4 in.) diameter and 200 mm 
(8 in.) length (“‘a” in Fig. 5) were stressed in static 
torsion by weights g on lever h. The difference of 
readings at d and e indicates the twist 4¥ of the test 
bar. Bearing friction is eliminated by slight shocks 
imparted to the test bed by the centrifugal action of a 
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weight rotating at 2000 r.p.m. and exerting a max mum 
force of 15 kg. Assuming linear stress distri! ution 
over the test cross-section, the maximum surface t -rsion 
stress exerted by the couple g x h = M is 


16 M 
a da 


7/~— 





Even at room temperature, the test duration influences 
the deformations obtained for a certain twisting mo- 
ment ; slowly increasing loading produces larger de- 
formations than rapidly increasing loading. (Fig. 6.) 

















Fig. 5. Static torsion testing machine applying couple ¢ x) 
on test bar a. 
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Fig.6. Torsional stress 7 at the test bar surface as a function 
of the deformation angle 4q assuming linear stress dis- 
tribution. 


Bars of 45 ton steel were slowly twisted and the 
angle of deformation measured for various surface 
torsion stresses 7), linear stress distribution being 
assumed. Bar No. 1504 for example shows entirely elastic 
behaviour up to 27 kg/mm? (17 tons per sq. in.) and? 
6°7 deg. angle of twist (see Fig. 7). At 28 kg/mm, 
the bar begins to yield uniformly over its entire length 
and the twist angle increases to 40 deg. without any 
increase in loading. The plastic deformation is there 
fore 33 deg. Then a new, entirely elastic, range stats 
from 28 to 33 kg/mm? (18 to 21 tons/sq. in.), then é 
second yield range up to 65 deg. twist, then a third 
elastic range up to 35 kg/mm? (22 tons/sq. in.), then? 
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Fig. 7. Maximum torsional stress 7) as a function of the 
angle of deformation 4¢ for test bars Nos. 1504 and 1505. 
A¢ shown in logarithmic scale. 


third yield range to 85 deg. twist, a fourth elastic range 
to 40 kg/mm? (25 tons/sq. in.), a fourth yield range to 
140 deg. twist, etc. The ranges thus follow each other 
and the bar breaks at 70 kg/mm? (45 tons/sq. in.) and 
1400 deg. twist. Even after an appreciable amount of 
permanent twist, the yielding is uniformly distributed 
over the entire test length and starts, and finishes, 
uniformly over the whole test length, between ranges 
of entirely elastic behaviour of the whole test length. 
An axial line inscribed before tests changes into a helix 
of uniform lead over the whole length. Only the last 
two yield ranges show locally restricted deformation 
(Fig. 8) at several regions of the bar where the structure 
is apparently weaker. Local yielding then slowly ex- 
pands from highly deformed into less deformed regions, 
and fracture occurs at one of the transition cross- 
sections between highly and less deformed regions. 
As shown in Fig. 9, the surface of highly deformed 
regions can easily be distinguished from that of neigh- 
bouring less highly deformed regions. This behaviour 
is characteristic of 45 ton steel. Bars made from 90 
ton steel show uniform yield over the entire length 
right up to fracture. 





Fig. 8. _ Statically twisted test bar showing inscribed line 
which was a straight axial line before deformation. 


Local plastic yield specially i" in region between sections 
and c. 





tig. 9. Twisted test bar showing specially strong plastic 
eformation in the region 6 — c, less pronounced plastic 
deformation in region a — b. 


Static fr-cture occurred at the boundary section 6 between the two 
regions. 

If : \astically deformed bars are removed from the 
Static t rsion testing machine(Fig. 5), they first show a 
slight, low reduction of the plastic twist angle (0°1 to 
02 de If they are then stressed in dynamically- 
fluctue ng torsion, the angular “ set ” is considerably 
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reduced, the more so the greater the alternating torsional 
stress. Bar No. 1525 (Fig. 10) after being statically 
stressed to 88 kg/mm? (56 tons/sq. in.) has taken a 
set-of 11 degrees. Under alternating torsion of up to 
45 kg/mm? (28°5 tons/sq. in.) the set was reduced, in 
discontinuous jumps, down to 7°5 deg., i.e. by 32 per 
cent. The bar then broke. The material was Mn-Si 
steel with 0°64 per cent C, 90 tons/sq. in. U.T.S., and 
6 to 8 per cent elongation. 


3 1. 




















Ss 

y Tai 20 kage’ 

Z ee ] BAR NO 1525 
ZIOK earner be 

6 10} A ze 

a preonos | 

> ys prBOxio4 | 

nS catia . 

w 

ud. | sono” wy 

Oo 7 | __4oxi0"| FRACTURE 
i) j | | 

6l 1 sl ® 1 a 
zx © loo 200 300 400 500 «lO 
a NUMBER OF STRESS REVERSALS UNDERGONE BY TEST BARS 


Fig. 10. Plastic deformation angle 49 as a function of the 
number of stress oscillations. 
The -bar had been plastically twisted by 11 degrees before being 
fitted into the fatigue torsion machine. Under _alternating-. torsion 
of varying maximum surface stresses -++ 79, the plastic deformation 
angle has been reduced to 7:5 degrees. 

Another bar of the same material had been pre- 
stressed to 80°3 kg/mm? (51 tons/sq. in.) and had taken 
a pre-set of 0°7 deg. only. It broke at an alternating 
torsional stress of only 36 kg/mm? (23 tons/sq. in.). 
The small static pre-set had thus only little or no 
influence on the endurance strength. Yet another. bar 
had .been statistically pre-stressed to 105°4 kg/mm? 
(67 tons/sq. in.) and taken a permanent, plastic, set 
of 85°3 degrees. The set was reduced by 12°5 per cent 
(10°7 degrees) under alternating stresses of up to 45 
kg/mm? (28°5 tons/sq. in.). The reduction is caused 
by internal shear stresses produced by the static pre- 
set. Only the surface layers had been pre-stressed 
beyond the yield point, whilst lower stresses had been 
locked up in the interior of the bar. Under alternating 
torsion, the surface layers therefore yield again and the 
internal locked-up stresses determine the sense of 
direction of the renewed surface yielding. If we assume 
linear ‘stress distribution, a reduction of pre-set by 10°7 
degrees would correspond to a surface stress of 46°6 
kg/mm? (29°6 tons/sq. in.); the internal torsion stress 
produced, by static pre-set, in the surface layers must 
therefore have been very great. 

The danger of permanent deformation cannot be 
determined from a knowledge of the elastic limit or 
yield point of a material. Small plastic deformations, 
under static stresses slightly beyond the yield point, 
partly or wholly disappear again under dynamic loads 
as they usually occur in practice. The reduction of 
permanent set is the greater relatively, the smaller is 
the pre-set. Only major plastic deformations introduce 
irreversible setting of the bar. Torsion-bar springs, 
therefore, only show permanent set when the plastic 
deformations are of the same order of magnitude as 
the elastic deformations. It seems safe to permit a 
plastic deformation of 15 to 20 per cent of the elastic 
deformation, i.e. a limiting permanent twist angle de- 
termined by the formula 

4% = 1/5d degrees. 
For the test bars, with ] = 200 mm, d = 12 mm, the 
limiting permanent twist would be about 3 deg. and 
would correspond to a maximum torsional stress of 
80 kg/mm? (51 tons/sq. in.) (Fig. 6). Up to this value 
of combined static and superimposed dynamic stress, 
the spring can safely be loaded without any danger 
of a self-increasing set. Conversely, if the total set 
of a torsion-bar spring is limited by stops, the spring 
can be pre-stressed up to this value and will then 
stand combined, static and dynamic superimposed, 
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stresses of the same magnitude without taking any 
further set. 

Independently of the danger of permanent set, the 
fatigue strength of a torsion-bar spring limits the maxi- 
mum permissible stress. A spring of 12 mm diameter, 
pre-stressed by surface rolling, can only be stressed 
up to a limit of 40 to 50 kg/mm? (25 to 32 tons/sq. in.) 
if fatigue failure is to be avoided. 


C. DAMPING PROPERTIES OF TORSION 
BARS UNDER STATIC AND SUPERIMPOSED 
DYNAMIC LOADS. 


(From Ingenieur-Archiv, Vol. 16, No. 2, 1947, pp. 
107-110, 3 illustrations.) 


IN engineering practice, structural materials often have 
to support static and superimposed dynamic loads, as 
e.g. torsion-bar suspension springs in cars which have 
to carry the weight of the car and additional shock 
loads of sometimes appreciable magnitude. It is 
therefore important to the damping characteristics of 
the spring steel when the stresses vary between a 
maximum value 7, 7, and a minimum value 7, — 72, 
where 7, is the static, and 7, is the alternating part of 
the stresses. Damping is produced by plastic de- 
formation and, with fluctuating loads, permanent de- 
formations may add up in the sense of direction indi- 
cated by the static part of the loading. Damping thus 
increases the danger of a permanent set, and the damp- 
ing characteristics of a material must be known for the 
determination of the maximum fluctuating stresses the 
material will sustain without progressive permanent 
set. It is especially important to know which maximum 
static stress combined with small superimposed alterna- 
ting stresses will induce progressive permanent set of 
the material. On the other hand, damping reduces 
resonance stresses and, generally, stress peaks. 

Early theory predicted that the damping force would 
be proportional to the speed of deformation but tests 
at different frequencies prove that damping only de- 
pends on the amplitude of the stress vibrations, i.e. 
on the maximum stress value +- 7). If a material is 
subject to sinusoidal stress vibrations of varying maxi- 
mum stress value, 7), then the specific damping 4 = 
Ff (7) can be defined as the area H included in one com- 
plete mechanical hysteresis loop divided by the strain 
energy F stored in the material when under maximum 
Stress 7) (Fig. 11). F increases with 7,2, and for some 








materials such as rubber, grey cast iron, wood, H also 
increases with 7)”, within certain stress limits. 4% is 
therefore constant for these materials. Generally, how- 
ever, H grows at a faster rate than does 7)? and ¢& 
is then a function of 7). Assuming first that % is con- 
stant if the stress changes between -+ 7), we shall 
investigate specific damping under fluctuating load, i.e. 
if the stress changes between 7, + 7. The alternating 
load 7, which is superimposed on a static load 7, may 
lead to resonance phenomena and, in this case, the 
damping capacity of the material determines the peak 
stresses that may be reached. 

Fig. 12 shows, in thick lines, the mechanical hystere- 
sis loops produced by pure alternating stresses with 
the maximum values +- (7, + 7.) and + (7,;—¥7,). The 
small area H,, is the hysteresis area if the total stress 
varies between 7, + 7, and 7, — 7,. If a test bar is 
loaded statically so that a stress 7, is produced and 
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if an alternating load is superimposed synchronizing 
with the natural frequency of the bar, the energy which 
is needed to maintain the amplitude of resonance 
vibrations can be measured. This energy corresponds to 
the work dissipated in heat in the bar and its value, over 
one oscillation, is 


H,=7M,¢ .: are sien Dual 


where M, is the maximum value of the sinusoidally) 
oscillating couple and produces a maximum change of 
deformation angle + 9. If resonance cannot be 
reached, H,, can also be determined from the temper: 
ture increase of the bar. 

Tests have proved that, to calculate specific damp- 
ing, the area H,, must be divided not by area A’ but 
by area A (Fig. 12), i.e. by the stored strain energy 
which would be obtained if the alternating stress ;, 
only were applied statically. If specific damping j, 
under fluctuating load is defined in this way, then it is 
approximately equal to the value of specific damping 
w% under purely alternating load without static pre- 
loading. This assumption is only valid for smal 
hysteresis loops, i.e. for stresses only slightly beyond 
the elastic limit. For a cylindrical test bar one obtains 


V =," 
Hy = $w~A= f— — .. « @ 
2 2G 


where 7, is the maximum superimposed oscillating 
stress, G is the modulus of rigidity, and yo is the specific 
damping corresponding to purely alternating stresses 0! 
amplitude + (7; + 72). Only half the test bar volume 
V has been included since, in torsion, the maximum 
stress only occurs at the surface and 7 diminishes to 
zero at the centre of the bar. H,, can be calculated 
from eq. (1) and the correctness of the assumption 
ib = wo can thus be checked. 

For % = const. (rubber), H,, is independent 0 
the static stress 7, and can be calculated from eq. (2 
if 4) is known. For steel, however, %) = f (71 + 7) 
specific damping 4, therefore increases with 7. In 
the general case, the damping is thus small if the super 
imposed alternating stress is small but it also depends 
on the basic static load. 

If the total hysteresis loop (Fig. 11) is divided into 
vertical strips of equal width, dy, the area 4H of: 
strip near the centre of the loop is greater than the are 
of another strip near the tip of the loop. This fac 
led to the assumption that damping is proportional t0 
speed of deformation. In fact, however, damping ' 
only dependent on the stress difference between loading 
and unloading stresses, and this difference is greatt! 
near the centre than at the tip of the hysteresis loop. 
If small alternating loads are superimposed on relatively 
large static loads, the damping can therefore only b 
small in spite of the large value of the total stress. 
Eq. (2) takes account of this fact and has been cot 
firmed by tests which show that specific damping under 
fluctuating load is not very different from specili 
damping under purely alternating loads. 
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FRANCE 


Combined Gas and Steam Turbo Power Plant 
with Pressurized Boiler 
By R. PapauLt. (From Le Genie Civil, Vol. 124, No. 21, November 1, 1947, pp. 405-410, 12 illustrations.) 


Power plant efficiency can be increased by the com- 
bination of a gas and steam cycle and by heat inter- 
change between them in a heat-exchanger in which, 
for economy and simplicity, the two media are main- 
tained at about equal pressures. An experimental 
power plant using this principle has been erected at 
Vitry (Seine) in France. 


I. SCHEMATIC ARRANGEMENT AND 
PRINCIPLES. 


The plant comprises (a) air compressors driven by 
opposed-piston I.C. engines ; (b) heat recovery and 
exchange plant for preheating the compressed air and 
utilizing engine exhaust heat; (c) a_ pressurized 
boiler ; and (d) aturbo unit. Fig. 1 shows a schematic 
arrangement of the experimental plant. Air is com- 
pressed to 1150 lb./sq. in. in 3 stages, 4,, A,, A3, with 
inter-coolers, C and C,, is heated to 525 deg. C. in the 
heat exchanger K, and then consumed in combustion 
chambers L, L’ of the pressurized boiler J. The 
combustible gases heat the water tubes N, and super- 
heater tubes O, and are fed into the initial stage of the 
gas turbine P. Compressor A, supplies scavenging air 
to the I.C. engine cylinders B, to B;, at 50 lb./sq. in., 
the exhaust gases pass from the cylinders at 600 deg. C. 
through pipes S (fitted inside tubes ¥) into the heat 
exchanger K, where the compressed air coming from 
the compressors is heated, and finally enters the gas 
turbine at a lower pressure stage. With an aerodyna- 
mically correct design of tube systems and heat ex- 
changer, these gases should reach the turbine inlet at 
about 4°5 lb./sq. in. and 320 deg. C. 


round the lower part of heat exchanger K. Finally, 
the steam enters the steam turbine. The remaining 
water from separator G is passed through the turbine 
feed heater H, then fed into the boiler water tubes N. 
The rest of the condensate mixed with the circulation 
feed water passes through the cooling jacket Q of the 
boiler J into the boiler water tubes N. Saturated 
steam is taken from the boiler drum R at 1150 lb./sq. in., 
superheated to 550 deg. C. in superheater tubes O, and 
fed into the initial steam turbine stage. 

In another scheme, air is compressed in 4 stages 
with intercoolers, then burnt in a similar pressurized 
boiler. The burnt gases heat the boiler and drive the 
H.P. stages of the gas turbine. One portion of the 
gases then goes through the L.P. gas turbine stages to 
exhaust, and another supplies power to the 4 expansion 
stages of a gas expansion motor-compressor, preferably 
of the opposed piston type. Before passing into the 
last expansion stage, these gases are re-heated in one 
of the compressor intercoolers, and this heat recovery 
contributes essentially to the overall efficiency of the 
plant. Condensate first cools the intercoolers, then 
passes through feed heaters into the boiler tubes. 

Plants with compressors driven from the turbine 
shaft are not so advantageous as the plant described, 
whilst steam diven compressors complicate plant con- 
struction by the necessary addition of oil separators in 
the steam cycle. 







II. PLANT DESIGN. 
The opposed piston type motor compressor unit 
(Fig. 2) is compact, highly efficient, dynamically bal- 
anced, and is easily adjustable to different 


























running conditions, e.g. to an over-rich gas 
mixture which is important for the re- 
cuperation of sensible heat from the exhaust 
gases. No crankshafts or connecting-rods 
are used and wear is reduced correspond- 
ingly. For safety and efficiency, several 
cylinders are combined and two are always 
arranged in tandem, one above the other, 
so that each stroke is a power stroke for 
one cylinder, whilst the other acts as a 
safety device during its compression stroke. 
The 4 compressor units and the I.C. 
cylinder driving units are arranged around 
a common parallel axis and connected by 
star cross-heads. A special safety device 
prevents excessive unbalance. With a 4 























Fig. 1. Schematic arrangement of combined plant with I.C. motor compressors. 


Ap—compressor for scavenging air, A;, Az, A3 low, intermediate, and high pressure 
compressor stages; Bo to Bs—I.C. engine cylinders; C, C\—air intercoolers ; D—steam 
turbine condenser ; E—steam turbine; F, F’/—feed heaters ; G—steam separator; H— 
feed heater for boiler feed water ; J—pressurized boiler ; 7—steam tubes for steam from 
LC. cylinder cooling jackets and outer jacket of heat exchanger; K—heat exchanger for 
LC. exhaust gas, compressed air, and steam from I.C. cylinder cooling-jackets; L, 
L’—burners for pressurized boiler; M—injection pump; N—water tubes of boiler; 
O—superheater; P—gas turbine; Q—outer boiler jacket; R—boiler drum; S—I.C. 


cylinder exhaust pipes. 


The lower part of the intercoolers C, C, is cooled 
by a separate cooling water circuit. Condensate from 
condenser D, of the steam turbine E, cools the upper 
part of the intercoolers, is thereby heated to 80 deg. C., 
then in the turbine feed heaters F and F’ up to 150 
deg. C., at 70 lb./sq. in., and thereafter passes through 
the cooling jackets of the I.C. cylinders. Steam is 
then separated from the water in separator G and super- 
heated to 400 deg. C. in tubes # which completely 
Surround the exhaust pipe system S to form a jacket 
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inch driving cylinder bore, 8} normal, 
and a 9 inch maximum stroke, 600 h.p. 
are generated at 600 strokes per min. 
With an 8 inch bore, and an 11}? inch 
stroke, with 600 double strokes per 
min., 2800 h.p. could be supplied, sufficient 
for a 6000 h.p. turbo unit. The structure 
need only support the dead weight of 
the unit. Since no rotational inertia can 
normally be utilized there exists a tem- 
porary weakness of effort at the end of each stroke, 
and the fuel injection system, consisting of one 
pump and two or more injectors per cylinder, 
must work with perfect regularity. However, an 
experimental auxiliary flywheel shaft has been added 
so that a normal cam-driven injection and a four- 
stroke system with controlled compressor and 
motor valve movement can be used. A new design 
based on circular oscillations instead of straight-line 
strokes is under consideration. 
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Fig. 2. Sections and plan of an opposed piston I.C, motor-compressor unit. 
A, A’, B, B’, C, C’, D, D’—engine cylinders ; E, E’—cylinders for scavenging air; F, 
F’—L.P. compressor; G, G’/—I.P. compressor ; H, H’—H.P. compressor ; J, 1’—external 
star cross-heads ; #—internal star cross-head ; K—speed regulator; L— injection pumps. 


The heat recovery system is important. High com- 
pressed-air pressure (at 1150 lb./sq. in.) and high 
exhaust gas speed (at 400 ft. per sec.) in heat exchanger 
K improves the heat transfer. Heat recovery in the 
intercoolers saves two feed heating stages, and recovery 
from I.C. cylinder cooling-jackets alone supplies 15 
per cent of the steam turbine heat requirements. Ex- 
haust tubes S are entirely surrounded by steam tubes F, 
therefore heat insulation is very good, metal tempera- 
ture is reduced, and the stresses are very small because 
both media are at about equal pressure. 


For the same reason, active parts of the pressurized 
boiler are only lightly stressed. Heat transfer at 
1150 lb./sq. in. is 20 times better than at atmospheric 
pressure, and dimensions can therefore be kept much 
smaller than in ordinary boiler design, whilst the outer, 
highly stressed, shell can be designed economically, 
especially because it is cooled by the condensate in the 
cooling-jacket Q. The compactly designed boiler can 
be placed next to the turbines and the inlet pipe losses 
are thus reduced. The superheater is not exposed to 
flue-gases and the live steam temperature can therefore 
be raised. Special refractories, too expensive for ordin- 
ary boiler design, can also be employed. A stand-by 
boiler body can be substituted during boiler repairs. 


Turbines are of normal design and are protected 
by dust and soot filters if powdered coal is used. A 
part of the L.P. stages, and feed heaters can be saved, 
and the exhaust steam passages and condenser can be 
reduced in size. Both turbines run on one shaft, with 
inlets at the centre so that labyrinth losses are reduced. 
The live steam regulator controls the plant, and a 
differential regulator at the gas inlet ensures equal inlet 
pressures of gas and steam. Efficiency is little affected 
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SECTION THRO’ COMPRESSORS 


EFFICIENCY 


) 100 
CYCLE PRESSURE kg/m 


Fig. 3. Variation of efficiency with cycle 
ssure. 


A—Steam cycle without heat recovery; B—steam 

cycle with heat recovery; C—gas cycle with two- 

stroke I.C. engines ; ombined cycle with two- 

stroke I.C. engines; E—gas cycle with four-stroke 

I.C. engines; F—combined cycle with four-stroke 
C. engines. 


by the amount of excess air and 
mixture regulation is not required. Com- 
pressor inlet valve regulation or even the 
cut-off of a whole compressor stage is 
sufficiently effective. 


III. EFFICIENCY AND 
APPLICATION. 


A plant with I.C. motor con- 
pressors (Fig. 1) reaches the efficiencies 
shown in Fig. 3, where compressor 
efficiency is assumed at 0°88, and turbine con- 
sumption values are taken for 30,000 kW units. Above 
700 lb./sq. in. cycle pressure, 4 compressor stages are 
used. At 1150 Jb./sq. in., the steam turbine provides 
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Fig. 4. Elevation and plan view of 28,000 kW combined plant. 


A—H.P.-gas and steam turbines; B—L.P. gas and steam turbines; 

C—pressurized boiler; D—boiler drum; E—heat exchanger; 

F—condénser; G—heat exchanger; H—motor-compressor for 

scavenging air; J—motor-compressors for L.P., I.P., H.P. stages 

J—air intercoolers; K—main control; L—13,000 kW alternators 
M—15,000 kW alternator. 
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53 per cent, and the gas turbine 47 per cent of total 
output, whilst the compressor consumes 43 per cent. 
The efficiency of the steam part alone is higher than 
that of a corresponding single cycle plant because 
chimney losses are included in the exhaust losses of the 
gas cycle, pipe and radiation losses and turbulence 
losses due to regulation are reduced, the boiler collects 
less dirt, superheating can be raised by 25 to 50 deg. C., 
and auxiliary power for fans and stokers is saved. A 
four-stroke motor-compressor unit would further re- 
duce scavenging power requirements, compressor con- 
sumption would then only be 38 per cent, and the 
output would increase by 13 per cent, with an overall 
efficiency reaching 41 per cent. Higher figures could 
be reached with still more efficient heat recovery. 
Plant with gas expansion motor-compressors fed 
from the pressurized boiler exhaust could reach an 


efficiency of 38 per cent with 1150 lb./sq. in., and 
550 deg. C., turbo inlet conditions, and the compressor 
consumption would be 70 per cent of the total output. 
This plant could be fed exclusively on solid fuel. 
Some I.C. and some gas expansion motor cylinders 
may also be combined, with liquid fuel constituting 
say 10 to 15 per cent of the total fuel requirements. 

High efficiency and the use of a mainly solid fuel 
make this type of plant especially suitable for main 
power stations. Existing power plant can be modern- 
ized, and output doubled, without any structural 
alterations. Fig. 4 shows the compact lay-out of a 
28,000 kW plant, with 2 compound turbo units, built 
in to replace a normal steam power plant. The weight 
and overall size of this type of plant are less than for a 
slow Diesel unit so that adaptation to marine or railway 
power plant could’ be considered. 
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Measurement of pH and Redox Potentials 


By E. BLOMGREN. 


INTRODUCTION. 


THE determination of pH and redox potentials has 
assumed growing importance in recent years, not only 
in chemical laboratories but also in various branches of 
medicine, in the food industry, metal production, pulp 
and paper industry, water and sewage treatment, steam 
power generation, etc. The following article gives a 
survey of the principles for such measurements and 
brief notes on the measuring accessories. 


DEFINITION OF pH. 

The term pH was defined in 1909 by Sorensen as 
the negative logarithm of the hydrogen ion concentra- 
tion : 

pH = — 1» log cyt 


Later it has been found more adequate to regard pH 
as the negative logarithm of the activity of the hydro- 
gen ions, the activity being obtained as the product of 
the concentration and the activity factor f. It has also 
been found that the hydrogen ion in aqueous solutions 
is associated with a water molecule, forming the hydro- 
nium ion H,O+. The modern definition consequently 
Tuns : 


PH = — io log ayg0+ = — 1 log (fusot . Cus0t) 


The value of the activity factor depends upon the con- 
centration of the hydrogen ions as well as upon the 
concentration of other molecules and ions present in 
the solution. The value of f is generally about 1 and 
approaches 1 when the concentration of the solution 
decreases. It is therefore often possible in approxi- 
mate calculations, particularly when dealing with 
dilute solutions, to assume that the activity and the 
concentrations are equal, in which case Sorensen’s 
original definition may be used. 

_ The pH values of aqueous sclutions nearly always 
lie between the values 0 and 14. Fig. 1 gives the pH 


scale with the pH values of some characteristic solu- 
tions, 


Fig. 1. pH scale. 


(From Ericsson Review, No. 2, 1947 pp. 47-53, 10 illustrations.) 


It should be noted that a large hydrogen ion con- 
centration (large degree of acidity) corresponds to a 
low pH value and that an increase of the hydrogen ion 
concentration is expressed as a decrease of the pH 
value. 


ELECTROMETRIC DETERMINATION OF pH. 

By far the most important method for determining 
PH is the electrometric one. It is based on the measure- 
ment of the e.m.f. of a galvanic cell consisting of two 
electrodes which are immersed in the solution to be 
measured. One electrode, the pH sensitive electrode, 
is such that the potential of this electrode is determined 
by the pH value of the solution, while the other elec- 
trode, the reference electrode, has a constant potential 
independent of pH. When the pH sensitive electrode 
is of one of the usual types, the potential drop at this 
electrode (in volts) is given by 


E’ = E,’ — 1:983.104.7T.pH 
where E£,’ is the characteristic constant of the electrode 
and T the absolute temperature. 

If the potential of the reference electrode is desig- 
nated by E” = E,” (= const.) the e.m.f. of the cell is 
given by : 

E = E’—E” = E,’ — E,” —1°983.10*. T. pH 
or at room temperature (20 deg. C.) : 

E = E,’ — E,”’ — 0°0581 . pH 


Table I gives the E, values for the most common 
types of pH sensitive electrodes and reference electrodes. 
From the values given in the table the e.m.f. of, for 
instance, a cell consisting of a quinhydrone electrode 
and a saturated calomel electrode, is calculated, at 20 
deg. C., as : E = 0°453 — 0°0581 . pH. 


pH SENSITIVE ELECTRODES. 
In the following a brief description is given of the 
common types of pH sensitive electrodes. 


NEUTRAL 
POINT 


—— acid | 


ALKALINE ———> 





{l) 0-In Hydrochloric acid pH 1-13; (2) Acetate buffer 
In HAc + 0-In NaAc) pH 4:67; (3) Phosphate buffer 
01m KH, PO, + 0-1 m Ke HPO,) pH 6-68; (4) 0-In 
Ammonia pH 11-1; (5) 0-1n Sodium hydrate pH 12-9" 
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Fig. 2a. Hydrogen electrode. 

(1) Outer glass tube ; (2) Inner glass tube ; (1) Glass tube; 

(3) Platinum wire; (4) Hydrogen inlet ; 

(5) Ground-glass joint ; (6) Electrical con- 
nexion. 


TaBLeE I £po-Values for Electrodes at 20 deg. C. 





Electrode. ( Ep, volts. 





pH Sensitive electrodes. 
Hydrogen electrode! .. sis 0-000 
Glass electrode? : is 
Quinhydrone electrode 
Antimony electrode 
Reference electrodes. 
Saturated calomel electrode .. + 0-250 
0-1-n Calomel electrode iv + 0°338 


+- approx. 0:275 





1 Hydrogen pressure 1 atm. 
2 Inner solution pH 2-0. Inner electrode Ag/AgCl! with ccez = 0-1 


(a) The hydrogen electrode, Fig. 2a, consists of a 
foil or wire of platinum which is exposed to hydrogen 
gas and is at the same time in contact with the solution 
the pH of which is to be determined. Before measure- 
ments are made, the platinum is electrolytically coated 
with a layer of finely divided platinum (platinum black). 
The hydrogen electrode is usable over the whole pH 
range from 0 to 14 and gives an exactly linear relation. 
It is noteworthy that the electrode is ‘“ poisoned ” if 
exposed to certain substances, particularly those having 
the character of physiological poisons, such as cyanides, 
alkaloids and amines. Likewise, the hydrogen elec- 
trode cannot be used in the presence of substances 
which react chemically with hydrogen gas. Nor is it 
advisable to use the hydrogen electrode when the 
solution contains dissolved gases which may be carried 
away by the hydrogen stream. At present, the hydro- 
gen electrode is used mainly as a standard electrode for 
calibrating other electrodes. 


(b) The glass electrode is the pH sensitive electrode 
most commonly used. In the form shown in Fig. 2b it 
consists of a glass tube which, at one end, is blown out 
to form a thin-walled glass bulb. The bulb contains a 
solution having a fixed pH value, and when it is im- 
mersed in the solution the pH value of which is to be 
measured, there arises between the inside and the out- 
side surface of the glass bulb a potential difference 
which is proportional to the difference in pH between 
the outside and inside solutions ; this potential differ- 
ence is then measured in the conventional manner. 

The glass electrode attains its potential rather 
quickly and is usable in most of the solutions where the 
hydrogen electrode cannot be used. Its use, however, 
is mainly limited to pH values below 9. Above this, 
it looses its linearity and is influenced by Nat ions 
existing in the solution. Above pH 11 to 12 the 
electrode becomes entirely unserviceable owing to the 
attack of the alkaline solution on the glass. 

A galvanic cell which contains a glass electrode has 
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Fig. 2b. Glass electrode. 


(2) Thin-walled glass 
bulb ; (3) Inner solution ; (4) Chlorinated 
silver wire ; (5) Electricai connexion. added; (4) Electrical connexion. 











Fig. 2c. Quinhydrone electrode. 


(1) Glass tube; (2) Platinum foil; (3) 
Solution to be measured, with quinhydrone 


a high internal resistance, in general between 10’ and 
10* ohms. Consequently the glass electrode can only 
be used in connexion with measuring apparatus specially 
designed to enable accurate measurements in systems 
of high resistance. The high resistance also makes the 
electrode sensitive to electrostatic disturbances for the 
elimination of which special precautions have to be 
taken. 


(c) For certain pH measurements the so-called 
quinhydrone electrode is used. An organic substance, 
quinhydrone, is added to, and a bright platinum foil 
is immersed in the solution, the pH of which is to be 
determined. (Fig. 2c). This type of electrode is 
specially suitable for pH measurements in extremely 
small quantities of liquids. As it has a low resistance 
it imposes no particular demands on the measuring 
apparatus. It cannot be used for pH values above 
8 to 9, as the quinhydrone is attacked by alkaline solu- 
tions, nor can it be employed in solutions containing 
substances which react with quinhydrone. 


(d) The antimony electrode can be employed with 
advantage for some technical pH measurements as it 
is low ohmic and may be of rugged construction. It 
may be used over practically the whole pH range. On 
the other hand, its accuracy is lower than that of other 
electrodes and the potential is affected by the oxygen 


Fig. 3. Calomel electrode. 


(1) Mercury ; (2) Calomel ; (3) Potassium 
chloride solution; (4) Connecting tube ; 
(5) Electrical connexion. 
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content and the stirring of the solution, as well as by the 
surface condition of the electrode. Also, metallic 
salts, etc., may produce considerable disturbances. 


REFERENCE ELECTRODES, 

The reference electrode most commonly used is the 
calomel electrode (Fig. 3). It consists of a glass vessel 
on the bottom of which is placed a layer of mercury 
covered by a layer of mercurous chloride (calomel). 
The vessel is filled with a solution of potassium chloride. 
Depending on the concentration of the latter, the 
electrode is named “01 normal,” “saturated,” etc. 
The most common type of calomel electrode is the 
saturated one. 

The interface between the potassium chloride solu- 
tion and the solution to be measured is the seat of a 
diffusion (or liquid-junction) potential which is added 
to the electrode potentials. The diffusion potential 
should be kept as low as possible ; this is attained 
partly by a high concentration of the potassium chloride 
solution and partly by a well-defined form of the bound- 
ary surface. 


DEFINITION OF REDOX POTENTIAL. 

The term “‘ redox,” whilst not yet generally adopted 
in English and American literature, has been used for a 
long time in the Swedish and German literature. Being 
conveniently short this term will be used here as an 
abreviation for “‘ oxidation-reduction.” 

The redox potential of a solution is identical with the 
potential of a bright platinum foil immersed in the 
solution. As the potential of the platinum electrode is 
produced by the exchange of electrons between the 
metal and oxidizing and reducing substances in the 
solution, it is possible, from the value of the potential, 
to draw conclusions regarding the sort and concentra- 
tion of oxidizing and reducing substances present in 
the solution. 

For every substance having an oxidizing character, 
there is a corresponding substance of reducing character, 
the latter substance being derived from the former by 
the addition of electrons (reduction). Two substances 
which correspond to each other in this way are said to 
form a redox system and are described as the oxidized 


form (oxform) and the reduced form (redform) re-. 


spectively of the system. A solution which contains 
both components of a redox system has the redox 
potential . 


0°058 Ase 
- 19 log 
n Grea 


E' = BE,’ 


where E,)’ is the normal (or standard) potential of the 
tedox system, is the number of electrons required to 
reduce the oxform to the redform, a,, and a,,, is the 
activity of the oxform and the redform, respectively. 

Table II gives normal potentials and n-values of 
some redox systems. 


TABLE II. Redox Systems. 





Redform. Oxform. 
Zn2 + 


| n Eo, volt. 
| Cr3 + 

| 

| 


2 — 0°76 
1 — 0-41 
2 0-00 
2 + 0:15 
2 
1 
1 
Ls 





H, + 25 
Sni + 
Cu? + 
Fe3 + 
Ce3 + | 
| MnO, + 8H30~* | 


| 

| 

| 
2H30 + 
+ 0-76 

+ approx. 1-40 
1-52 


Ce2 + 
Mn?* + 12H2O 


—_—_ 





It is seen from the above equation that the normal 
Potential of a redox system is identical with the potential 
of a solution which contains the oxform and the red- 
form ir the same concentrations, or, more exactly, the 
Same ac tivities. 
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DETERMINATION OF REDOX POTENTIALS. 

The determination of a redox potential is carried 
out in the same way as a pH measurement, the only 
difference being that the pH sensitive electrode is re- 
placed by a bright platinum electrode. 


POTENTIOMETRIC TITRATION. 

Measurements of redox potentials are chiefly used 
in connexion with potentiometric titrations in which 
the redox potential is determined as a function of the 
added amount of oxidizing or reducing solution. For 
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REDOX POTENTIAL 
Fig. 4. Titration curve. 


certain amounts of the reagent the titration curve Fig. 
4 shows rapid changes in the potential, these changes 
indicating equivalence points, and the so-called buffer 
capacity is obtained as the inclination of the curve. 


Various KINDS OF MEASURING APPARATUS. 

Measuring apparatus for the determination of pH and 
redox potentials may be divided into compensation 
apparatus and direct reading apparatus. Except for 
measurements demanding the utmost degtee of accuracy, 
the latter are to be preferred because of their greater 
rapidity ; continuous indication of the potential is also 
a great advantage. The principle of construction of a 
direct reading pH apparatus is shown in Fig. 5. 

















Fig. 5. Direct-reading pH apparatus. 
(1) pH sensitive electrode ; (2) Reference electrode; (3) Electron 
tube; (4) and (5) Input terminals; (6) Switch for checking the 
zero point : (7) Rheostat for adjusting the zero point ; (8) Indicating 
instrument ; (9) Resistance ; (10), (11) and (12) Batteries. 

For the use with glass electrodes the apparatus must 
fulfil certain requirements which are due to the high 
resistance of the glass electrode. In the first place, the 
input resistance of the apparatus must be 1000 times 
greater than the resistance of the glass electrode, if 
the error between the required value of the e.m.f. and 
the actually measured value of the voltage at the ter- 
minals is to be kept below 0°1 per cent. The input 
resistance must, therefore, be 10!° to 10! ohms. 

The second requirement concerns the grid current 
of the valve. As this flows through the galvanic cell 
it causes a voltage drop over the internal resistance 
which, owing to the large value of the latter, may pro- 
duce a considerable error in the measured value of the 
e.m.f. The valve must consequently have a very low 
grid current. 
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SWITZERLAND 


The Calculations of Forces and Power Requirements fcr 
the Rolling of Metals 


By A. GELEjI. (From Schweizer Archiv, Vol. 13, No. 11, November, 1947, pp. 336-344, 10 illustrations 


FORMULAE which can be usefully applied in practice 
and which are theoretically correct, for the forces and 
the work done during rolling of metals, can be estab- 
lished if the following assumptions are made : 

(a) The rolled cross-section is to be rectangular, 
two sides of the rectangle being parallel with the 
axes of the cylindrical rolls. No side pressure is 
exerted on to the piece being rolled (e.g. by specially 
shaped rolls). The material is entirely homogene- 
ous ; it is conducted through the rolls at a constant 
speed ; the width of the piece after rolling is the 
same as before rolling ; 

(b) The resistance to deformation “k” is con- 
stant over the length of the surface in contact with 
the rolls ; 

(c) The friction coefficient “ y 
the length of the surfaces in contact. 

The friction occurring between the surfaces in con- 
tact supplies the force with which a bar of the original 
width 6, and height h, is pulled through the rolls. 
Kinematically, the rolled material can be assumed to 
be at rest during rolling whilst a circle, representing 
the cross-section of the cylindrical roll, rolls along the 
straight line O, x. (Fig. 1). Every point on this rolling 
circle then describes a cycloid, and, whilst the circle 
(roll) turns through a small angle d¢ about its centre O, 
the elementary area df at A turns through the angle 
1/, dy about centre O,. 


” 


is constant over 














Fig. 1. Diagram of forces during rolling. 


On df act the normal force dN and, when df :aoves 
along the tangent to the circle O, A, also the force dV. 
Along df also acts the friction force udN. If & is the 
mean resistance to deformation, then 


P P q 
dV = dN cos — = k df cos — = kb r cos — do 

2 2 2 
Taking moments about O,, 
(dK —pdN)r—dvV p = 0, where p = O,A = 2r sing/2 
The elementary torque needed for rolling is therefore 
dK r= dV p + » aN rr, i.e. the sum of the elementary 
moments of deformation and of friction. The total 
moment of deformation is double the deformation 
moment exerted on one roll : 

4 a 
Pp 
nM. =2 fav = 2b | cos — sin —dy 
2 2 
0 0 
= 2kbr*(1—cos «) 

Taking 2 b r (1 — cos a) = F to be the reduction of 
cross-section, then M, = F kr is the total moment of 
the deformation, and L, = F k v is the work done 
per sec. in deforming the material, where v is the cir- 
cumferential speed of the rolls. 

Since there is some relative sliding between the 
elementary surfaces of the roll and the rolled material, 
a certain amount of work is needed to overcome 
friction : 

od od 


L,= 2 | pdN v, = 2 | ukobrdp.v, 


0 0 


h, 1 
Vv, =v (1—=. 
h cos » 


is the velocity of relative sliding! and varies from zero, 
for p = 0,h = hy, to a value, corresponding to » = 4, 


eo: . 9 
emo (1a=. ) 
h, cose 


Substituting for v, a mean value of half the final value, 
and integrating over the interval 0 to «, we obtain 


L,=pkbrav(1——. 
h, cose 


where 


where 


ra =1y=+/r (hy — hy) 
is the arc of contact. The total power requirements 
for rolling are therefore (in ft. lbs./sec. or kg. m/seC.). 


hs 1 
L=L,+ L, = Fkv + phblgo (1, } 
h, cos% 
Only & and » are unknown quantities in this equation. 
The friction coefficient » for the hot rolling of steel 
at temperatures above 700 deg. C. is* : 
w= 105—0005¢ (tindeg.C.). 
For cold rolling, » varies between 0°07 and 0°15 accord- 
ing to the surface qualities of the rolls and other factors, 
0°1 being a good average value. k is a mean value o! 
the resistance to deformation of the material, the meat 
being taken over the entire contact length. According 
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to Mohr’s theory, plastic deformation of ductile materials 
depends, for any state of stress, on the maximum 
shear stress occurring in the material and this shear stress 
again depends on the greatest and smallest principal 
stress in a tri-axial state of stress. 
27 max = qe, = Ry. 

It can be assumed that rolling consists of deformation 
caused by compression stresses in a tri-axial stress 
system where the maximum principal stress 9, is the 
pressure exerted by the rolls on the material, i.e. it is 
equal to k, and where the minimum principal stress o 
is parallel to the shortest side of the prism under com- 
pression, i.e. where it is normally parallel to the direction 
of rolling. ‘The material deforms when the difference 
between these two principal stresses reaches the value 
ky the deformation strength of the material. 03, how- 
ever, is larger during rolling than for a simple com- 
pression test. The rolls tend to take the single elemen- 
tary surface areas with them by friction, and due to the 
velocity of relative sliding v, which changes along the 
arc of contact (the more so the longer the arc) every 
elementary area of the material between the rolls 
exerts a pressure on the elementary area immediately 
in front of it. o, thus depends on rolling pressure, 
coefficient of friction, and, due to relative sliding, also 
on the pressure in the direction of rolling. 


la ; 
k nah tab +Cyp—.Vou ) 
hs 
For practical purposes, this equation can be written 


: ve) kg/mm? 


where the different variables have the same significance 
as in the preceding equations, and in Fig. 1. For hot 
rolling, ky is the high-temperature compression strength 
of ~t material and is, for steel between 800 and 1,400 
deg. C., 

k, = 0'015 (1400 — 2) kg/mm? = 0°011 (1400 — 2) 
tons/in*, 

For cold rolling, k; is the yield strength or 0:2 per 
cent proof strength of the material. If k is known, the 
rolling pressure can be obtained from 

P=kRb6l, 

Emicke and Lucas* have made cold rolling tests on 
Al99°5 bars, 100 mm (4 inches) wide and 10 mm (0°4 in.) 
thick, The diameter of the rolls was 360 mm (142 in.), 


la 


hy 


k=k (1455) 
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Fig. 3. Calculated and measured rolling pressure as a 
function of original bar depth and area reduction. 


the rolling speed v = 0°4 m/sec. (1°3 ft. p. sec.). Fig. 2 
shows the proof strength of Al 99:5 as a function of the 
area reduction during rolling, and the mean deforma- 
tion strength k, can be determined as the mean height 
of the area under the proof strength curve (as shown 
for 10 per cent reduction in Fig. 2). With an average 
value of » = 0°1, the resistance to deformation k, and 
hence the rolling pressure P, can be calculated, and Fig. 
3 gives a comparison of measured and calculated rolling 
pressures. The calculation is shown in the following 
example : 
Al bar 100 mm wide, 50 mm high, 30 per cent area 
reduction. 
Height of rolled section h, = 50 (1 — 0°3) = 35 mm. 
Length of contact arc ]4= 4/ r (h,; —h2)= +/ 180 x 15 
= 52mm. 
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Fig. 4. Calculated and measured deformation resistance 
k as a function of original bar depth and area reduction, 
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Mean proof strength from Fig. 2, k; = 7:4 kg/mm*. 

Rolling speed given from tests v 0-4 m/sec. 
a/v = 08. 

Coefficient of friction assumed as u = 0'1. 

Hence the resistance to deformation : 


52 
k=T74 (1 + 55 x O1XxX — x 08) = 12 kg/mm’, 
ci 


and the rolling pressure P = 12 x 100 x 52= 62,400kg 
The measured rolling pressure P = 64,000 kg. 

The resistance to deformation k can be found ex- 

perimentally from the rolling pressure, e.g. 

= P/bla = 64,000/(100 x 52) = 12:3 kg/mm’. 
Fig. 4 thus compares the calculated and experimentally 
found deformation resistances. 

The rolling torque can be calculated from L, i.e. 
the power required. However, since a mean resistance 
k is used in the formulae, the calculated torque is, for 
larger area reductions, appreciably higher than the 
torque measured. It is therefore permissible to neglect 
the friction torque and to calculate the entire rolling 
torque from the deformation torque M, only. Thus, 
M, = Fkr = (15 x 100) x 12 x 180/1000 = 3250 m.kg. 
calculated, and M, 2620 m.kg. from tests. Fig. 5 
shows approximate ‘agreement of these calculations 
with test results. 
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Fig. 5. Calculated and measured rolling torque as a function 
of original bar depth and area reduction. 


Emicke and Lucas* have also hot rolled Duralumin 
LM 2 at 430 deg. C. (ky = 3-6 kg/mm?, at 430 deg. C.). 
The width of the bar was 100 mm, the original depth 
35 mm, the reduction of depth in one pass 24 per cent, 
and the roll diameter 360 mm. Pressure and torque 
were measured at varying rolling speeds. (Figs. 6 and 
7). At elevated temperatures, » cannot be assumed 
to be 0°1, but from a reference test value of say 45,000 
kg. test pressure at v = 1 m/sec. rolling speed, a new 
mean coefficient of friction can be calculated : 


: = 35(1—0:24) = 26-6 mm. 
= 4/180 (35 — 26-6) = 39 mm. 
: = P/l,b = 45,000/[39 x 100] = 11-5kg/mm? 
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Fig. 7. Calculated and measured rolling torque as a function 
of the rolling speed. 


b 
But k — 115 = ky (: ! 55m ve) = 


2 


39 
= 36 (1 + 5-54— 
26-6 


From which p = 0:26. 


With this new friction value, the deformation 
resistances, pressures (P = k 6 1,) and torques (M = 
F kr) at different rolling speeds can be calculated and 
compared with test values (see Figs. 6 and 7). 

Siebel‘ showed the dependence of the resistance to 
deformation k on area reduction and rolling tempera- 
ture. His test conditions were :—Open-hearth steel 
(C = 0-08 per cent) bars, 30 mm square section, 
rolled down to 20 by 30 mm, ground rolls of 180 mm 
diameter, rolling speed 0°35 m/sec., steel tempereture 
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Fig. 8. Calculated and measured resistance to deformation 
during rolling of steel billets as a function of the area re- 
duction and rolling temperature. 
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900 to 1200 deg. C. yw can be assumed to be 0-25 for 
ground rolls, and the compression strength of the steel 
calculated from k; 0-015 x (1400 — 2) kg/mm. 
The calculated and measured results are compared in 
Fig. 8. 

Other hot rolling tests’ show good agreement of 
calculated and measured values if the coefficient of 
friction is determined from the formula » = 1:05 — 
—0-0005 ¢. For a steel billet 338 mm wide, 281 mm 
deep before, and 252 mm deep after rolling, arc of con- 
tact 108 mm, rolling speed 1-05 m/sec., and temperature 
1144 deg. C., the compression strength is calculated as 
375 kg/mm?, the friction factor as 0-48, and the cal- 
culated deformation resistance k is 7-9 kg/mm? com- 
pared with a measured resistance of 6-9 kg/mm/?. 

For cold rolling tests on annealed wrought iron, 
h can be assumed as 30 kg/mm? ; the friction coeffi- 
cient for rolling between dry rolls is 1» = 0-12. After 


several passes, the material hardens progressively, and 
after an average reduction of area of about 69 per cent, 
the compression strength increases® from k, 30 to 
65 kg/mm? whilst the coefficient of friction decreases 
slightly for harder materials, from » = 0-12 to 0-10. 
In every case, the values calculated from the simple 
formulae given in this paper agreed well with measured 
test values. 


BIBLIOGRAPHY. 

(1) A. GELEyI, Mitt. der berg- und hiittenmann. Abt., Sopron, 
Vol. 12, 1940, p. 192. 

(2) TH. Dant, Friction during rolling, Stahl u. Eisen, 1937, p. 205. 

(3) O. Emicxe & K. Lucas, Zeitschr. f. Metallkunde, 1942, p. 25 
and p. 48. 

(4) E. SrepeL, Deformation in the plastic state, Verl. Stahleisen 
Diisseldorf, 1932. 

(5) E. Sreper & J. Puppe, Investigations on Rolling Pressure and 
Power Requirements, Verl. Stahleisen, Diisseldorf, 1913. 

(6) A. Pomp. Steel wire, Verl. Stahleisen, 1941, p. 91. 


BELGIUM 


New Method for the Location of Faults in Overhead 
Transmission Lines by means of Impulse Tests 


By S. MARGOULIES and P. FOURMARIER. 


(From Bulletin de l’Institut Electrotechnique Montefiore, Vol. 60, No. 5, 


May, 1947, pp. 123-159, 21 illustrations.) 


THE method described is based on the following con- 
siderations : (1) If the position of a tault can be traced 
toa section of a line between two pylons, this indication 
is generally sufficient for the maintenance teams who 
cai then easily determine it accurately. (2) The fault 
may not be due to a failure but may be caused by a 
defective insulator the insulation resistance of which 
‘as become too low to withstand the voltage between 
ihe network and the earth. The method must, there- 
ore, enable the defective insulator to be by-passed at 
he same time as it determines its distance. (3) The 
ontact resistance of a conductor which has fallen to the 
ground is smaller when the current flowing through it 
is greater ; therefore it will be necessary to use a fairly 
high pulse voltage in order to get clear oscillogram 
recordings of the successive reflexions. 
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Fig. 1 


Fig. 1 shows a line AB, with a single conductor 
which is infinitely long to the left of point A. A steep- 
fronted pulse progresses along this line towards A. 
Iftve line is free from faults, this pulse will travel at 
the velocity of light, v, up to point B where it will be 
reflected without changing its polarity. The reflected 
pulse will thus return from B to A, and a cathode-ray 
oscillograph O.C., connected between point A and the 
earth, will record both the outgoing and the reflected 
Yotage pulses. The two pulses may overlap partly if 
the pulse length is greater than 2 x AB = 2L, but it 
will still be possible to distinguish the two pulses in 
Practice. ‘The time interval between the two pulses is 
= 2L/v, so that the total distance AB = L is given 
yL = vt,/2 3 therefore, if the time measured between 
the two pulses is equal to f», this will indicate that the 
line is in go0d condition. 

_ Tfthere is an earth fault at a point M, situated at a 
distance D from A, the line will have a leakage resist- 
ance to ea"th. The outgoing pulse will then encounter 
a discontinuity at M and be reflected there, either 
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partly or completely, according to the value of R. An 
oscillograph connected at point A will register the 
reflected pulse after a time t%)’ = 2D/v, so that the 
distance to the position of the fault will be D = vt,’/2. 
If the line is cut at M the reflected pulse will have the 
same sign and amplitude as the outgoing pulse. If 
the line is in direct contact with the earth at M(R = 0), 
the reflected pulse will have the same amplitude but 
will be opposite in sign to the outgoing pulse (negative 
reflexion at open end). 


GENERAL THEORY. 

Fig. 2 shows a line AB with a fault at point M, so 
that D= AM. The pulse-generating exciter equip- 
ment is connected at A. It consists, schematically, of 
a capacitance C, a spherical electrode type exciter E, 
and a resistance R in series. In the first case, we 
assume C = ©; at the instant t = 0 at which the 
exciter functions, a square pulse with a constant ampli- 


tude 

E, = Uo Zo/(Ro + Zo) ‘ .- (1) 
will start travelling along the line AB. U, is the 
charging voltage of the condenser C, and Z, the wave 
impedance of the line. On arriving at M this pulse is 
reflected, and the returning pulse EF, has an amplitude 
which will depend on the characteristics of the fault 
at M. 
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Fig. 9. 
If the line is not cut, but connected to the earth 
through the leakage resistance R of the fault, then 
Er, = —Z, Ey /(2R + Zp) Pe (2) 
the minus sign denoting the negative reflexion. 


If the line is cut at M and also connected to the 
earth by a resistance R, the reflected pulse is given by 


Er, = (R—Z)) Eo /(R + Zp) ei (3) 
and this pulse will have the same sign as E, if R > Z), 
and the opposite sign if R < Z). 
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Thus, there will always be a reflected pulse, except 
in the extremely rare case where the line, cut at M, 
has at this point an earth resistance R equal to Z,. 

On arriving at point A after a time T = 2D/v (where 
v is the wave velocity), the pulse E;, will also be re- 
flected, and give rise to an outgoing pulse 


Ev eeu Er; (Ro —Z,)/(Ro si Zo) oo (4) 
while the voltage at A will increase suddenly by 
AU, = 2Er, Ro/(Ro + Zo) + (5) 


Eqs. (4) and (5) show that the arrival at A of the re- 
flected pulse will always be observed when R, = 0 
(eq. (5)), and that an outgoing pulse will not start 
travelling again from A unless Ry = Zp (eq. (4)). By 
the same process, the pulse Ey, will also be reflected at 
M and give rise to a returning pulse E;, which will be 
observable at A as a new voltage rise 4U, after a time 


t=2 X20 = 27, etc. 


The reflected pulses will thus be generally observable 
at A as a series of voltage rises with an amplitude pro- 
portional to the charging voltage of capacitance C and 
depending on the ratio of the resistances Ry and R and 
the characteristic impedance Z, of the line. The re- 
flexions will cease after the first reflected pulse reaches 
A if Ry = Z; hence, in order to be able to observe 
several consecutive reflexions, it will be necessary to 
insert in series with the exciter equipment a resistance 
not equal to Z). For any given value of U,, the ampli- 
tude of the initial outgoing pulse is greater the smaller 
R, is. Therefore, the value of R, must be chosen as 
low as possible, while still being different from 0 and 
Z,. In the case of an earth fault, E,, will be inversely 
proportional to R, so that a high pulse voltage is re- 
quired to reduce the leakage resistance of a wire in 
contact with the earth. Because of these reasons, 
the value of 230 ohms was chosen for the resistance Ry 
used in the test installation, this being approximately 
the average value of the characteristic impedance of a 
line. Fig. 3 shows the theoretical variation of voltage 
at A for R, = Z,/2 for the two following cases: 1. 
line cut and isolated at M ; 2. line, cut or not cut, in 
contact with the earth. 
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Actually, the capacity C is not infinite. The pulse 
has an infinitely steep front, its amplitude being 


Ey aan Uy Zo/(Ro = Z) 
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and it has an exponential tail with a time const: 1t 
Ty = C(Ro } Zo): 
This pulse can therefore be represented by 
e= E,.exp[(x—vt)/vC(Ryo+Z)] .. (6) 
where x is the abscissa of a point on the line with 4 
taken as origin. 

At every instant, part of the pulse is being reflected 
at point M as determined by eqs. (2) or (3), according 
to the nature of the fault at M. The reflected pulse is 
therefore of the type 


2D —x—vt 
oy = Er, . exp — | e- (7) 
vC(Ry + Zo) 


this expression being valid for t > D/v. When the 
pulse arrives at point A it is again reflected, and also 
distorted, by R and C. Under these conditions, the 
voltage at A due to the reflected pulse er, is 


R, Z, 2D 
AU, = 2Er, + :——)|. 
+ a v 


2D — vt 
exp l= | ae 
vC(Ry + Zo) 


which is valid for t > 2D/v. 


This value of 4U, shows that at the instant t = 
= 2D/v the voltage at A is subjected to a sudden 
variation 





AUiy = 2Eri Ry/(Ro a5 Zo) 
which is equal to the variation which would occur if 
Cwere infinite. During the time interval 2D/v —4D/v 
following this instant, the voltage at A then varies 
according to eq. (8). Fig. 4 shows the theoretical 
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Fig, 4 


variation of the voltage at A, when R, = 230 ohms, 
Z, = 460 ohms, and C(R, + Z,)) = 70 microseconds, 
for the case of a line with an open end at M, when 
2D/v = 120 microseconds. 


PROXIMITY EFFECT OF CONDUCTORS 
PARALLEL TO THE CONDUCTOR UNDER 
TEST. 


In practice it is necessary to determine the influence 
of other phase wires, parallel to the conductor, on the 
propagation of the pulses and on their reflexions at the 
ends of the conductor. 

The damping of a pulse during its travel depends 
on the resistance of the wire and the leakage resistance 
to earth which vary considerably with frequency, S° 
that a steep-fronted wave of the type used will flatten 
out as it progresses along the line and thus decrease in 
amplitude. The earth resistance is much higher than 
that of the conductor, particularly at higher frequencies. 
Hence from the point of view of damping it will be 
advisable to connect the other conductors of the single 
or double line in such a way that the greatest possible 
proportion of the return current will pass through these 
conductors in order to reduce the damping due 1 
earth resistance. The pulse will not flatten out 80 
much then and the front of the pulse wi!! remain 
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steeper so that it will be possible to obtain clearer re- 
flexions on the oscillograph. The amount of damping 
can be determined by measuring the voltage of the 
outgoing pulse (from the charging voltage of the ex- 


F iter). and the voltage at the open end of the line by 


means of a spherical electrode gap. The first point to 
be determined is under what conditions a reflected 
pulse can be obtained at the gap with an amplitude 
twice as great as its amplitude along the line. 

This investigation is based on Ruedenberg’s equa- 
tions for the mutual induction effect of two lines, which 
have been developed to apply to the complex case under 
consideration (cf. Riidenberg : Elektrische Schaltvor- 
ginge). 


FUNDAMENTAL EQUATIONS. 


If two lines 1 and 2 have an influence upon each 
other, and 


Z, Z’ = characteristic impedances of lines 1 and 2 ; 
2 mutual impedance of the two lines ; 
et pulse propagated on line 1, and 
e’,i/ = pulse propagated on line 2, 
then the equations of propagation of the system are 


e= 24+ 27’.. a ae (9) 
€=Zi+a a «« Gd 
Thus each of the pulses (e, 7), (e’, 7’) is not only the result 


of external influences but is also affected by the pulse 
being propagated in the adjacent line. 


Case of several conductors in parallel. In the case 
of a three- or six-wire line, the conductor being tested 
is parallel to 2 or 5 wires. This case can be reduced to 
the preceding one if it is assumed that all these conduc- 
tors have the same impedance Z”’ and the same mutual 
impedance 2, relative to the conductor ; furthermore, 
that these conductors, taken two at a time, have the same 
mutual impedance 2’. 

In practice these conditions are not fulfilled. We 
shall, therefore, take for Z’’ the arithmetic mean of 
the impedances, and for z and Z’ the geometrical mean 
of the corresponding impedances. Under these con- 
ditions it is possible to represent the m parallel con- 
ductors by a single conductor with an impedance 
[Z’ + (n — 1) 2’]/n and with a mutual impedance z 
relative to the conductor being tested. Thus the 
problem of lines with n conductors parallel to the line 
under investigation can be reduced to the simpler case 
of two conductors. 


(To be continued). 
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Epicyclic Gearing for Low Powers 


By A. VERHOEFF. 


THE transmission mechanism described in this article 
ofers certain advantages when the transmission ratio is 
high (e.g. 500 : 1) and the power to be transmitted is low. 
This mechanism is shown in Figs. 2a and b. Ty, is a 
— internally-toothed rim mounted with sufficient 
rigidity. 

By means of the small wheel 7, mounted on the 
driving shaft A, wheels T, and 7; on the secondary 
shaft B are set in motion in the direction of the arrow. 
Shaft B runs in bearings in a balanced fork S able to 
totate around the shaft A. TJ, and T; rotate in the 
direction of the arrow, the teeth of wheel 7, engaging 
in both the internal gears of JT, and 7;. The latter is 
mounted on the driving flange C. 7; has the same 
pitch circle as JT, but, for instance, one tooth more than 
the latter. After every revolution of S, therefore, T; 
is shifted to the extent of one tooth with respect to 7. 
For every revolution of S the gear wheel 7; together 
with the flange C therefore makes 1/1, revolution, 1; 
indicating the number of teeth on 7;. The speed- 
reduction can easily be calculated. 

If we term the number of teeth of the five wheels 
hy hy ty t, and t; and 

n= the number of revolutions per minute of the 
driving shaft A connected to T,, 
N = r.p.m. of the flange C driven via T;, we find then 


n . ts 
—— (~x-+1 ig alti 
N ty t3 i | 


Fig. 1 shows the compact construction of this 
mechanism. It should be noted that in order to get 
the two toothed rims 7, and 7, with the same pitch 
arcle and a small difference in the number of teeth, 
these teeth can be cut with the same tool using different 

1 the dividing head of the slotting machine. 
th Transm ssion systems employing gear wheels with 
same pitch circle but with a small difference in the 
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(From Philips Technical Review, Vol. 9, No. 9, 1947/1948, pp. 285-287, 4 illustrations.) 


Fig. 1. Construction of the new epicyclic gearing. 
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Fig. 2. Diagram of the reduction gearing 
(a) Cross section of the retarding mechanism; (b) Pitch circles and direction of rotation of the various wheels. 


number of teeth have been described in the literature be- 
fore. The essential improvement obtained with the 
system described here consists in the fact that 7; is 
driven via an intermediate transmission T, — T,. 
This means a considerable gain in the reduction ratio. 

The reduction ratio can be varied between wide 
limits by varying the numbers of teeth ¢, and ft, on the 
wheels 7, and T,. This transmission, however, offers 
still further possibilities. So far we have assumed that 
the geared rim T, was fixed. If, however, this rim is 
made rotatable and connected with a transmission to the 
driving shaft, one has unlimited possibilities for varying 


FRANCE 


the reduction ratio. Not only can T; be kept stationary, 
but also this wheel can be made to rotate in a direction 
opposite to the original direction. 

Such mechanisms can be used, for instance, with 
high tension installations for the sliding of contacts in 
regulating transformers operated by remote control, and 
for the driving of stirring devices used in chemical 
experiments. 

For such applications the efficiency is of little 
importance, but measurements have shown it to be 
very satisfactory under small loads (about 80 per cent 
for a power of 01 W). 


Experimental Data on the Magneto-Striction of Nickel 


By Y. Rocarp. 


Direct magnetostrictive effect. When the magnetic 
induction B of a nickel bar is varied by 4B, the bar will 
contract Or expand, and its relative variation in length 
is given by 

41/1 = bAB. 


Inverse magnetostrictive effect. When a nickel bar 
is subjected to a mechanical stress F/A (dynes/cm?) in 
a constant external field H (gauss), its magnetic induc- 
tion varies according to the equation 


F 
a = 6 (— 
A /y 


where the subscript H denotes the constant external 
field, F being the applied force, and A the cross-sec- 
tional area of the bar. 

The relationship between the two coefficients 6 and 
b’ is obtained from the electro-mechanical equations 
for a nickel bar magnetized by a coil and performing 
mechanical vibrations, with the result that 


l 
bf =—4Anru b, 
I+], 
where /,, the equivalent length of nickel of the other 
portions of the circuit, is equal to zero in the ideal case 
only. 


VALUE OF THE DIRECT 
MAGNETOSTRICTION COEFFICIENT 6. 


According to Chwolson (Lehrb. d. Physik) the 
relative shortening of a nickel wire which has been 
magnetized once and then demagnetized, is 4//] = 
= 4 x 10°, while according to A. Schultze (Ann. 
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(From La Revue Scientifique, No. 3267, February 15, 1947, pp. 195-204, 15 illustrations.) 


d. Phys.) 4//] = 2°5 x 10° for a nickel wire 99 per 
cent pure and reheated, the relative change 4/// being 
a function of B owing to the hysteresis in the magne- 
tostrictive cycle. Residual magnetization is about 2,000 
gauss for raw nickel, cold worked, and about 1,000 
gauss for nickel 99 per cent pure, which is reheated and 
cooled slowly. 

The author was able, however, to find specimens of 
** Mond ” nickel which were 99°7 per cent pure nickel 
with traces of copper but no tin or manganese and which 
showed hardly any residual magnetization, with Br: 
less than 35 gauss. These bars were obtained by cold 
rolling after careful reheating at 800-850 deg. C. for 
2'/, hours and slow cooling. The hysteresis measure- 
ments were made with a Grassot flux-meter and by 
measuring the magnetostriction by means of the Newton 
rings formed between a plane glass plate and a lens 
cemented to the bar, using a yellow (sodium) light 
source. The excitation coil used was wound round the 
bar and its current regulated by means of a slide- 
resistance. 

As magnetic induction is not uniform but increases 
from the ends of the bar towards its centre, the measure- 
ments were made at a number of points along the bat 
while remaining below the saturation value which 1s 
6,250 gauss for nickel. The flux density along the bar 
was thus determined by B = B, f(x). where f(x) 18 4 
function of position only, arid By is the induction 
the centre. Furthermore, it was found that 4/// was 
proportional to 


B.* | Ff" (x) dx. 
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As the function f(x) was already known from flux- 
meter measurements, the value of the constant ex- 
ponent m was obtained by varying B, and the integral 
was evaluated graphically. These measurements 
showed that the relative contraction can be expressed by 


Al B 2-865 
+ = a 
I 1670 


A confirmation of this formula was obtained by another 
series of measurements with a constant flux density in 
the bar achieved by closing the magnetic circuit with 
a soft iron cover, and demagnetizing with alternating 
currents after each reading to eliminate from the circuit 
the magnetic hysteresis due to the soft iron. The bar 
was found to have no magnetic or magnetostrictive 
hysteresis. ‘The maximum contraction obtainable with 
nickel was found to be approximately 


Al 6500 \2:87 
— = 104 ( ~ 48x 10°, 
l 1670 , 


which is in close agreement with the value of 50 x 10-6 
obtained by other investigators. 

Differentiating the empirical expression for 4//] 
gives 


Al 2°87 B 1-87 
d (— = 10° ——. ( ) aB, 
/ 1670 1670 


so that 


B 1-87 
= 172 x 10° ( ) 
1670 


VALUE OF THE INVERSE 
MAGNETOSTRICTION COEFFICIENT 0’. 


A theoretical calculation of 6’ for various values of B 

can be made when the differential permeability » = 

— = p (B) is known from static measurements. 
en 


V=4rpbI/ +h) = 


1 dB / B\1s87 
= 2:16 x 10° nae (—— r 
1+1, dH \1670 


and the numerical values for b’ obtained by means of 
this equation are given in the following table, where 1 = 
(1+ ) ~ 1 for the ideal circuit. Thus, using the 
optimum value of about 2,000 gauss for B, the maximum 
possible variation of the flux density, 4B, will be about 
900 times the pressure in kg-weight/mm*. This law, 
however, is only valid for low pressures (below 1kg/mm?), 
as saturation occurs very rapidly when 4B reaches values 
of the same order of magnitude as B. 





B “u b’ AB 
(gauss) (gauss mm2/dyne) }e(P = kg/mm?) 


300 910 x 10-8 x.A | 910 x P= Bmax 
100 647 647 x P 
40 444 444 x P 








In practice, conditions are considerably different, as 
| is always different from zero. Furthermore, the 
nickel subjected to compression not only contracts in 
Its longitudinal dimension, but its cross-section varies 
according to a law based on a Poisson-type ratio, the 
deformation occurring, according to certain authors, in 
such a way that the total volume of the bar remains 
unchanged. Thus a more complicated formula would 

Tequired which would also take account of the 
changes ix the transverse dimensions. 

, easurements of this inverse magnetostrictive effect 
y Hond> and Terada [Phil. Mag., Vol. 14, 1907, 
‘ © 5’max = 372 gauss per kg/mm? for B = 4000 


‘948 Volume 9, No. 4 


EXCITATION f= + 


+ 


gauss, whereas for this value of B the calculated value 
is b’ = 444. Not only the values are different but the 
maxima correspond to different values of B. These 
discrepancies may be due partly to the insufficient 
purity of the nickel used, and partly to the fact that a 
fairly thin nickel wire was employed instead of a bar. 
In the experiments made by the author in order to 
obtain further data, nickel specimens of 99°7 per cent 
purity without magnetic (B/H) hysteresis were used. 
The first specimen, 45 mm long and 10 mm in diameter, 
carried an excitation coil at its centre, and a fluxmeter 
coil wound concentrically around it. The bar was 
subjected to various compressive loads. The results, 
for B = 2,300 gauss mm?/kg with a constant field H, 
showed that 5’ = 80, with A = //(J + 1,) = 1/12'5, 
this being due to the considerable open portion of the 
magnetic circuit and to the intense demagnetizing field. 
In these experiments no inverse magnetostrictive 
hysteresis effects were observed as long as the pressures 
were kept below the elastic limit (which is 10 kg/mm? 
for nickel). This fact was confirmed by further ex- 
periments with alternating currents, using the exciter 
coil as primary and the flux-meter as the secondary 
coil coupled to a voltmeter, and no magnetostrictive 
hysteresis was found when the pressure was varied 
through a complete cycle. However, in subsequent 
tests with other specimens, it was found that hysteresis 
was present as soon as the nickel used was less pure. 


MAGNETIC CIRCUITS WITH INCREASED 
SENSITIVITY. 


To increase the sensitivity to the inverse magneto- 
strictive 2ffect a circuit was used in which the nickel 
bar subjected to pressure was placed in a magnetic 
shunt circuit with steel laminations of high permeability 
(see Fig. 1). With this arrangement, A = //(/ +- 1) is 
in principle nearly equal to unity. Although permalloy, 
anhyster, and other special alloys, were used for the 
laminations, there was a definite magnetic hysteresis 
effect due to these laminations; apparently these 
special alloys have interesting properties only in fields 
of low intensity, and lose most of their advantages under 
high magnetization conditions. The results depended 
also to a large extent on the geometry of the circuit. 
The initial sensitivity of the circuit was, however, sub- 
stantially higher than in previous cases, giving for b’ 
a value of 250 gauss mm?/kg when Bmax = 2550 gauss. 
In these tests, the current was switched on and off 
suddenly at each of the loads applied. 
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It is a known fact that when approaching magnetic 
saturation, magnetic phenomena tend to become re- 
versible (for instance the Barkhausen effect disappears). 
It was thus thought that if the initial magnetic induction 
B was chosen sufficiently high, the hysteresis of inverse 
magnetostriction would disappear. This was found 
to be the case, and on applying pressures up to 7 kg/mm? 
in a complete cycle the following magnetic inductions 
were obtained, showing that no hysteresis was present : 

P(kg/mm*?) 0 28 56 7 56 28 0O 
B (gauss) 4200 4425 4500 4530 4500 4425 4200 


It will also be noted that there is a definite tendency 
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towards saturation with higher pressures. The initial 
sensitivity of the circuit in this test was b’ = 118 gauss 
mm?/kg. 
EXPERIMENTS WITH NON-CONSTANT 
FIELDS. 

In all previous experiments, the inverse magneto- 
strictive effect was investigated with a constant external 
field. The results came more or less close to the ideal 
theoretical values according to the relative importance 
of the demagnetizing field and its fluctuations under 
varying loads. Let B = B (H) be represented graphi- 
cally (see Fig. 2) by curve I when no load is applied, 
and by curve II for a given pressure. If H is constant, 
then B moves vertically upwards from point A to A’. 
This is the case, for instance, when a very long wire is 
used, with a negligible demagnetizing field and a con- 
centric exciter coil. 


B (1) 


B . 
Bo 





Ho “ 
H, ” 

In some cases, H is not constant, for instance when 
a nickel bar, with only a flux-meter coil on it, and without 
the exciter coils and magnetic shunt circuits, is mag- 
netized by an iron-nickel-aluminium magnet (which has 
a high stability and a great coercive force). For a 
flux density of 2,300 gauss under no-load conditions, 
it was found that on applying pressures from 0 to 4 
kg/mm? the flux density in the nickel did not vary 
appreciably (that is, not more than, say, 30-40 gauss). 
This means that owing to the nearly rectangular shape 
of the hysteresis loop of Fe-Ni-Al steel, the magnet 
maintained a nearly constant induction in the circuit 
unaffected by external conditions, with the result that 
on the B-H diagram the corresponding displacement 
from point A was in a horizontal direction. The same 
effect was found, although less pronounced, when per- 
manent cobalt or tungsten magnets were used. If 
the magnet was removed and then brought back again 
to its initial position, the flux-meter showed that there 
was no hysteresis, no matter what pressure was applied, 
using the 99°7 per cent pure nickel specimens ; however, 
with further specimens of the same type which were 
reheated for 2} hours at about 600 deg. C. and then 
slowly cooled down (although the cooling was probably 
insufficiently slow for the temperature attained) a 
considerable hysteresis was observed. 

An experiment was carried out with a specimen 
where the induction was solely due to residual mag- 
netization, in order to determine the inverse magneto- 
strictive effect with an external field equal to zero 
(disregarding the earth’s field). Contrary to what 
occurred in the presence of an external field, instead of 
increasing under increased pressures, the magnetic 
induction decreased from 720 to 708 gauss, and re- 
mained thereafter rigorously constant, while the applied 
load was varied from 0 to 5‘! kg/mm?. Furthermore, 
this was only an “initial effect,” the first pressure 
applied having the effect of placing the nickel in a 
magnetic state in which, although it still had considerable 
residual magnetization, its magnetostrictive effect was 
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equal to zero. By remagnetizing the nickel without , 
load, and repeating the experiment, the initial effec, 
could be reproduced as often as desired. 


BALANCED CIRCUIT FOR MEASUREMENT Of 
APPLIED PRESSURES. 

The measurement of these comparatively smal] 
variations in flux density can be improved by using , 
balanced circuit (see Fig. 3) in which the two identica| 
nickel bars are provided with two secondary coils jn 
opposition, and with two primary exciter coils in series, 
A pressure applied on one only of the two bars creates an 
unbalance of the flux densities giving results which 
are proportional to the applied force provided perfect 
balancing is first achieved. The bars used were re- 
heated at 550 deg. C. and had a hysteresis with a re- 
manent magnetization of 910 gauss. In the two pri- 
maries in series, the alternating current from the 
mains was passed using a fairly low current intensity 
to avoid excessive warming up of the bars, using for 
instance a mean flux density of 1140 gauss (measured 
by magnetizing subsequently with a direct current of 
the same intensity). The two secondary coils were 
connected to an a.c. milliammeter of the rectifier type, 
Equilibrium was attained when the current was 0°125 
mA or less, whereas one coil alone would give a current 
of 2,000 mA under these conditions, using the same 
instrument on another measuring range. Compressive 
loads of up to 5°6 kg/mm? gave readings reaching 05 
mA approximately (about 70 graduations on the scale), 
and perfect up-and-down cycles were obtained by 
varying the pressure, without the appearance of any 
hysteresis in the circuit. 
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Fig. 3. 


Temperature compensation of the active bar in 
direct contact’ with the mechanical elements applying 
the pressure is necessary (as these are generally good 
heat conductors and tend to reduce the temperature o! 
the bar) ; to avoid considerable errors in the readings, 
the bar temperature must therefore be kept constant 
up to about 0°6 of a degree, to permit an accuracy 0! 
about 1 per cent. The excitation current passing 
around both bars raises their temperature slightly, but 
more or less to the same extent. With adequate tem- 
perature compensation, the experiments showed then 
that magnetostriction can be used with good results t0 
measure static or rapidly varying pressures by meats 
of the modulated amplitude of the alternating current 
flowing through the circuit. The excitation current 
must, however, be of a sufficiently high frequency © 
that its period will be small relative to the time whic 
the pressure being measured requires to vary by a0 
appreciable amount. 
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CLASSIFIED ABSTRACTS 


Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns, are regularly 


included in condensed form in this section. 


ELECTRIC FURNACES 


Electromagnetic Pumping of Molten Metals. 


By M. TaMA. (From The Iron Age, U.S.A., Vol. 160, 
No. 23, December 4, 1947, pp. 68-70, 3 illustra- 
tions.) 

Ar all times since the induction principle has been 

applied to the melting of metals, violent movements of 

the liquid metal have been observed. These move- 
ments are present in all types of induction furnaces. 
Very elaborate research was carried out in Germany 
around 1928 in the course of a patent litigation involving 
the movement of liquid metals within the melting 
channels of submerged resistor induction furnaces. 

Riepe and Ilberg made a valuable contribution to the art 

by measuring the velocities of liquid metals at different 

points of the melting channel with a Pitot-tube. Their 
experiments proved conclusively that in the secondary 
channels of submerged resistor induction furnaces the 

metal movement is as shown by the arrows in Fig. 1. 

An outward and inward movement of the metal was 

proved to be present at the points where the melting 

channels open into the hearth and inside of the channels. 

The electromagnetic method of pumping is based on 
the premise that when an electric current is forced to 
pass through a conductor—molten or solid—it creates 

a magnetic field within the conductor and outside of it. 

If the conductor is a molten metal, electromagnetic 
pressure gradients are established within the conductor 
with zones of high pressure at certain places and zones 
of low pressure at other places. The forces are directed 
towards the centre of the magnetic field and the direction 
of the forces can be determined by the well-known 

“three-finger rule.” If alternating current is used, the 

direction of the forces is not changed when the current 

is reversed. Therefore, the pressure gradients created 

within the molten metal are always maintained in a 

definite direction during the entire process. 








Pouri WANN . Discharge pipe. 
poy ISS JL 





B= 





























ee case - Melting---4 Yo, 
channe/ 











“ 

© : : 
CS tpi fps fptpt pt, 
SAPAI II IGID SA 


Fig. 2. Two principal cross-sections of electro- — 
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magnetic pumping unit. 


In the electromagnetic pumping device, see Fig. 2, 
alternating current is used because it allows the con- 
centration of large energies in small space. A refractory 
Pipe is inserted into a section of the secondary circuit 
of an induction furnace where a high pressure is created 
by the secondary current. 

This simple arrangement transforms the disorderly 
metal movement represented in Fig. 1 into a coordinated 
unidirectional flow, as indicated by the arrows in Fig. 2. 

An advantage of the pumping device is that the same 
equipment can be used for holding metal at a desired 
— ure (holding furnace) and for casting (pumping 


The realization of a practically reliable and efficient 
pumping method for metals of high melting point opens 
a variety of new and useful fields, as, for instance : 
Dischar ng molten metal from a stationary melting 
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Fig. 1. Cross-section 
through the second- 
ary circuit of a sub- 
ed resistor type 
luction furnace. 
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furnace, thus eliminating the need for tilting equipment ; 
stirring the metal in a reverberatory furnace ; syphon- 
ing metals from one container to another ; starting a 
syphon for molten metals ; tapping or spigoting molten 
metal from a furnace to permanent moulds or die- 
casting moulds, etc. The electric current which is 
used as prime mover can be started and stopped at 
will, utilizing mechanical or electrical means, such as 
time switches, limit switches, electric eyes, etc. The 
current intensity can be regulated to conform exactly 
with the desired pouring rate. The moulds can either 
be arranged in a turntable or merry-go-round in front 
of the electric pump, or the moulds can be arranged in 
a circle and the pump rotated to discharge metal at any 
desired rate. In all these applications, the high sensi- 
tivity of electrical apparatus can be fully maintained. 


ELECTRONICS 


Performance Characteristics of Long-Persistence 
Cathode-Ray Tube Screens; Their Measure- 
ment and Control. 

By R. E. JOHNSON and A. E. Harpy. (From R.C.A. 
Review, U.S.A., Vol. 8, No. 4, December, 1947, 
pp. 660-681, 9 illustrations.) 

CATHODE-RAY tube indicators employing long-persis- 

tence screens have been developed for use in Radar, 

Teleran, and other systems where field-repetition rate 

is in the order of seconds. Tube performance in such 

applications is dependent upon the phosphorescent 
intensity of the screen following a given excitation. 

This parameter in turn is dependent upon the fluorescent 

intensity, rate of build-up and rate of decay of the 

phosphor components. In this paper, a laboratory 
system for pulse-exciting long-persistence cascade-type 
cathode-ray tube screens and quantitatively evaluating 
these characteristics in finished tubes is described. 

Correlation of these values with field performance is 

illustrated. 





A range of efficiencies of screen com- 
ponents was measured under steady-state 
conditions in the conventional manner and 
compared with their performance in cath- 
ode-ray tube screens under pulsed excita- 
tion. It is shown that the efficiency of the 
blue zinc-sulphide phosphor layer is a good 
indication of its performance but that the 
efficiency of the yellow zinc-cadmium- 
sulphide phosphor layer (phosphorescent) 
phosphor bears no consistent relation to 
ultimate screen performance. A method 
for pulse-exciting the phosphor with blue 
light which gives values correlating with screen per- 
formance is described. 

The thickness of each phosphor layer and the 
exhaust-bake temperature employed in tube processing 
have been found to affect screen characteristics appreci- 
ably. Average curves are presented to show the 
effect of each variable. 


FLOW MECHANICS 
Flow Resistance of Tube Bundles for Different 
Angles of Impingement. 


By A. P. OrNaTsKI. (From Kotloturbostroenie, Russia, 
No. 2, 1947, pp. 13-15, 3 illustrations.) 

Tue tests described here were carried out on tube 

bundles 7 rows wide and 7 rows deep in lined-up forma- 

tion composed of tubing of 20 mm diameter placed at 
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Hear CAN BE KEPT In Too | 


Heat’s natural instinct is to go out to play from 
all surfaces which store or convey it. Few 
people realise that if a 1” steam pipe with a 
surface temperature of 200° C is unlagged for 
20 ft., the heat lost by radiation and convection 
may waste nearly half a hundredweight of coal 
in the course of a working week. 


Most likely your heated surfaces are lagged. 
But are they all lagged efficiently? Are regular 
checks carried out to ensure that insulating 
material is in good condition everywhere—in- 
cluding that dark corher where the pipes can’t be 
reached without a ladder? Is the thickness of the 


material sufficient for the temperature of the sur- 
face it covers? Are you sure that flanges and valve 
bodies have not been left naked to make mainten- 
ance easy? The heat loss from a bare flange may 
be as much as that from a foot or moreof barepipe. 


Proper lagging of boilers, cylinders, steam 
pipes and other heated surfaces pays the highest 
dividends in fuel efficiency for very little capital 
expenditure. Fuel Efficiency Bulletin No. 2 
published by the Ministry of Fuel and Power is 
a little mine of information concerning this. The 
Ministry’s Regional Office will gladly send you 
a copy if yours has gone astray. 
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Flow Mechanics—continued. 
—— 


49 mm transversal and longitudinal pitch. The static 
and dynamic pressure losses were measured with the 
yse of two Prandtl tubes placed on the upstream and 
downstream sides of the tube bundle respectively. 
Owing to this arrangement the pressure drop measured 
included the combined pressure drops due to the 
frictional resistance of the tube bundle and that of the 
duct enclosing the tube bundle. In order to separate 
these losses, the frictional resistance of the duct was 
separately determined by a special test and it was found 
that this pressure drop can be expressed by the rela- 
tionship. 
Appucr = 0:081 pw? 

where APpucr in kg/m? is the pressure drop of the 
portion of the duct situate between the two Prandtl 
tubes, p in kg/sec.”, m* is the density of the gas passing 
through the duct, and w in m/sec. is the mean velocity 
of the gas in the empty duct. 

The gas velocity was determined with the use of the 
Prandtl tube on the upstream side. As the Prandtl 
tube was placed in the centre of the gas stream, it 
indicated the maximum velocity of flow, and the mean 


Reynolds number, and the functionality 9 

was established by special test. It was found that 
under the given test conditions the variation in the 
values for p were within 0°93 — 0:97, which indicated 
satisfactory uniformity of flow distribution over the 
flow area. The frictional flow resistance of the tube 
bundle was determined for angles of impingement of 
90, 80, 70, 60, 45 and 30 degrees. In each series of 
tests the number of rows in depth was varied from one 
to seven and the friction loss was determined for seven 
or eight different Reynolds numbers varying between 
Re=8 x 10° and Re = 26 x 10%. 

The data obtained were evaluated on the basis of 
the relationship Eu = KRe™, where Eu is the Euler 
number, and the relative flow resistance at an angle ¢ 
smaller than 90 deg. was then established as 


where ¢ is the angle of impingement. Numerical values 
for # as function of the angle ¢ and of the depth of the 
tube bundle in terms of tube rows z are given in the 
subjoined table :— 


VALUES FOR FACTOR & FOR DIFFERENT ANGLES OF IMPINGEMENT & 
AND DIFFERENT NUMBERS OF TUBE ROWS IN DEPTH 2z. 





Number of | 
tows in ——, 
depth, z 90 | | 70 | 


ee 


Angle of impingement, ¢, deg. 








| 0-920 
0-906 
0-910 
0-910 
0-911 
0-920 

| 0-892 


1 
1 
1 
1 
1 





This table is valid for Reynolds numbers from 8,000 to 26,000, 


INSULATING MATERIALS 


Considerations Relative to the Conductivity of 
Pure Water and an Explanation of the Peculiar 
Influence of Such Water on the Insulating 
Properties of Oil. 


By J. Boret. (From Bulletin de la Société Belge des 
Electricien, Belgium, Vol. 63, No. 4, October/Decem- 
ber, 1947, pp. 155-157.) 


Tue indivi‘ual water molecule is an excellent insulator, 
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but even the purest water is a conductor to a certain 
extent because of the dissociation of a certain num- 
ber of water molecules according to the formula 
H,O2H+ +OH~. The conductivity of chemically 
pure water is due solely to the presence of positive hydro- 
gen ions and negative ions of OH which, if subjected to an 
electric field, ensure the passage of a current, The 
ratio of dissociated to not dissociated molecules is con- 
stant for a certain temperature and is expressed by 
[H+] [OH—] 


[H,O] 
of the water is, e.g. 3-86 x 10* Siemens/cm, only one 
in 720,000,000 molecules is dissociated ; and without 
this one molecule the water would be an excellent 
insulator. 

Measurements of insulating oils (dehydrated, satu- 
rated and supersaturated with water) has shown that, 
contrary to the general belief, the water contained in 
the oil does not necessarily increase the dielectric losses, 
nor decrease its insulating properties ; sometimes it is 
quite the contrary. Water, if dissolved in the oil, is 
practically without influence, while water not dissolved 
increases the dielectric losses and deteriorates the in- 
sulating properties. 

That water dissolved in oil does not deteriorate 
its electrical properties is explained by the fact that, due 
to its high dielectric constant (80), its molecules are not 
dissociated in the oil, which has a dielectric constant of 
only 2:2; and thjs is entirely in accordance with theory. 

The practical implications of these results are: 1. 
Simple cold filtering of insulating oil is the only treat- 
ment necessary to bring the electric properties of used 
oil to a maximum. 2. It is unnecessary to heat the 
oil, either under a vacuum or otherwise, and to eliminate 
traces of water, because such water is insulating. 3. 
Heating of oil can, in fact, only bring about a deteriora- 
tion of its properties. 

A phenomenon which still needs explanation is that 
water dissolved in oil slightly decreases its dielectric 
losses. 


=K. _ Itis shown that, if the conductivity 


INTERNAL COMBUSTION ENGINES 


Considerations Relating to the Design of Cam 
Profiles for Poppet Valve Engines. 


By A. STAMBULEANU. (From Buletinul Institutului 
National de Cercetari Tehnologice, Roumania, Vol. 1, 
No. 1/4, 1946, pp. 61-87, 14 illustrations.) 


THE inlet poppet valve of an I.C. engine admits the 
more air or gas during the total opening time, the higher 
the opening and closing speeds. However, in order 
to restrict wear and noise, the speed and acceleration 
must be limited and the volumetric efficiency lowered. 
When air or gas is admitted into the cylinder, the cylinder 
walls, still hot from exhaust gases, impart heat to the 
fresh gases and reduce the total weight of fresh gas 
for combustion. The overall volumetric efficiency is 
thus further reduced. The amount of heat imparted 
to the air or gas admitted is proportional to the co- 
efficient of total heat transfer from wall to gas mixture 
in the cylinder during the admission period, and this 
coefficient again depends on characteristic engine dimen- 
sions such as bore, stroke, cross-section and lift of valve, 
and valve arrangement in the cylinder head. Combining 
these influences into one dimensional coefficient “‘ A,”’ 
it is found that, for fixed engine dimensions, “‘ A ” 
depends on the valve lift only. Curves are given to 
show, for different engine dimensions and arrangements, 
the value of “‘ A ” for each position of the poppet valve. 
The valve lift is plotted against time, crank or cam 
angle, or piston position, and the value of “ A” can be 
plotted similarly. The simple volumetric efficiency is 
then defined as the ratio of the area under the valve 
lift curve to the area of a rectangle formed by a constant 
maximum valve lift position over the entire opening 
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Internal Combustion Engines—continued 
Re el 


riod. Correspondingly, a “ thermal quotient” can 
be defined as the area under the plotted “A” curve 
divided by the area of the rectangle of maximum con- 
stant “A” over the whole opening period. The 
smaller this quotient, the less heat is imparted to the 
fresh gases, and the better is the overall volumetric 
efficiency. 

The cam profile must therefore be so designed that 
it gives a valve lift characteristic obtaining not only 
the highest simple volumetric efficiency but also the 
lowest thermal quotient compatible with smooth run- 
ning. A critical investigation of the usual cam pro- 
files shows that the normal cam profile for mushroom 
followers gives the highest overall efficiency and is 
‘superior to the cam profile for roller.followers. A 
cam profile allowing for a rest period in the maximum 
lift position is better than one designed for the immediate 
return of the valve. 


METALS CORROSION 


The Peeling of Nickel Deposits. 


By T. RicHarDs. (From Metalloberflache, Germany, 
Vol. 1, Nos. 7 and 8, July and August, 1947, pp. 
173-176 and 197-199,) 


FauLts which may lead to the peeling of nickel deposits 
are generally known but it is not always easy to discover 
| the causes in every case. Certain indications such as 
dark or striped appearance, peeling in large or small 
flakes, appearance of the base metal, surface defects, 
stage of manufacture at which the fault appeared, 
sometimes permit to trace the origin of the fault. 
Fundamentally, protective layers stick to the 
materials to be protected by adherence and, if surfaces 
are not plane, by pressure from the surrounding pro- 
tecting material onto the base material. The strength 
of the adherent forces depends on (a) the mechanical 
state, physical qualities and cleanliness of the base 
surface, factors which are being assumed by the author 
to be known and are therefore not considered in 
this article ; (b) the physical qualities of the pro- 
tecting layer, as determined by the quality of the material 
and the plating procedure,; and (c) the mode of inter- 
action between the materials which is directly due to the 
adherent qualities of the interfaces and component 
materials. On curved surfaces, the tension exerted by 
the base metal on the protective coating must be smaller 
than the combined adherence and tensile and resilient 
strengths of the protecting layer, otherwise even small 
ittegularities may cause severe peeling. Irregularities 
normally originate from excessive bending stresses, 
scratches, pores, nodules which break on polishing, 
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The drive of a group of six wire drawing machines with 
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sharp ridges which tear the plating when stresses inside 
the plating layer are increased, corrosion, etc. 

The more ductile and resilient the plating material, 
the less is the danger of peeling. On flat surfaces, 
however, great resiliency may exert tension on the edges 
of the plating and thus start peeling. The thicker the 
coating, the more important are its innate mechanical 
properties compared with the strength of interaction. 

Faults have been analysed according to the stage of 
manufacture at which they may occur. A survey of 
possible sources of error is given and the origin of 
faults traced by an examination of the appearance of 
the faulty material and by noting the stage at which 
the fault first appeared. In every particular case 
referred to, the causes of faults are deduced and remedies 
are suggested, 


WIRE AND WIRE PRODUCTS 


A New Drive with Smooth Starting for Wire 
Drawing Machines. : 


By E. BLOEUENSTEIN. (From The Brown Boveri Review, 
Switzerland, Vol. 34, No. 4/5, pp. 88-89, 2 illustra- 
tions). 

WirrE drawing machines are generally required to start 

in such a manner that the tension in the wire gradually 

increases from zero to the full value. To prevent 
breaks in the wire, even when drawing very fine wire, 
the motor drive must satisfy two conditions, viz :— 


1. The initial starting torque of the motor, i.e. the 
torque developed by the motor when starting from 
rest, should only be a fraction greater than the 
friction torque of the machine. 


2. The starting torque of the motor. should not 
suddenly increase, otherwise the tensile stress in 
the wire will increase spasmodically. 

The first condition requires a variable initial motor- 
starting torque since the friction torque of the wire 
drawing machine is not always the same. 

The second condition is always satisfied by a normal 
three-phase squirrel-cage motor. On the other hand 
the condition is not fulfilled by motors with centrifugal 
starter or slip-ring rotor as their starting torque exhibits 
sudden jumps. 

A new drive developed by Brown Boveri and already 
tried out satisfies both conditions by simple means. 

The driving motor of the wire drawing machine 
is a conventional three-phase squirrel-cage motor which, 
when starting, is fed through a stepless regulating 
transformer. At the instant of switching in, the mini- 
mum transformer secondary voltage is applied to the 
motor terminals. This minimum voltage is so chosen 
that the initial starting torque developed by the motor 
always remains below the friction torque of the machine. 
After the transformer has been switched in, the secon- 
dary voltage is gradually increased, whereby the motor 
torque increases as the square of the voltage. At a 
certain voltage, the motor attains exactly the friction 
torque of the machine and from then on runs u 
smoothly. If the transformer voltage is raised still 
further, the motor torque more and more exceeds the 
friction torque of the machine which accelerates, and the 
tension in the wire increases steadily. When the trans- 
former secondary voltage has practically attained the 
supply voltage, the motor is switched to the grid. The 
transformer can then be used to start a second wire- 
drawing machine. 

The method described is particularly advantageous 
when not only one single wire drawing machine, but 
a set of several machines is to be driven. Each machine 
is then supplied with its own motor drive, but there 
is only one common transformer which is of the same 
size as that for a single machine. 

The accompanying illustration shows the funda- 
mental circuit diagram of this equipment. 
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NEWS OF THE MONTH 


Announcements in this section include News relating to 
British Firms, and on Equipment produced by British 


Manufacturers. 


Available literature may be secured by addressing a 
request to the advertising department of ““ The Engineers’ 
Digest,” or by writing direct to the manufacturer and 


mentioning “‘ The Engineers’ Digest” as a source. 





@ PERSONAL 

@ NEW EQUIPMENT 

@ BOOKS AND CATALOGUES 
@ BUSINESS CHANGES 

@ NOTES 











PERSONAL. 


Mr. John Alcock, Joint Managing Director of the Hunslet 
Engine Company Ltd., has been appointed to the Board of W. G. 
Bagnall Ltd. 

Mr. Alexander Behr has been appointed export superinten- 
dent to Mono Pumps, Limited; he will act as liaison officer between 
the firm’s head office, 67 Clerkenwell Road, London, E.C.1, and 
overseas agents. 

Mr, J. W. Berry and Mr. E. Player have been appointed 
joint managing directors and Mr. G. A. Rider has been appointed 
ieeciel director of The Birmingham Aluminium Casting 
(1903), Company Ltd. 

The British Electricity Authority, Portland Court, 170A 
Great Portland Street, London, W.1, announce that Mr. C. G. 
Richards, A.M.I.Mech.E., A.M.LE.E., has been appointed chief 

tion engineer (operation), and Mr. W. H. Dunkley, B.Sc., 

» A.M.I.Mech.E., chief generation engineer (construction), 

in the Yorkshire Generating Division. Mr. A cFarlane, 

B.Sc., A.M.LE.E., has been appointed chief generation engineer 

(operation) in the South-West Scotland Division. 

Mr. V. C. H. Creer, M.A. (Cantab.), who was appointed 

manager, lamp and _ lighting department, the British 

on-Houston Company, Limited, has been appointed to the 

board of directors of the company, as from May 1, in succession 
to Mr. H. A. Lingard, who is shortly retiring owing to ill-health. 

Mr. E. B. Hill has been elected Chairman of the Zinc Alloy 
Diecasters’ Association. Mr. A. E. Mills and Mr. J. W. Cartlidge 
have been elected Deputy Chairmen. 

Mr. P. F. Jones and Mr. C. N. Silversides have been appointed 
divisional engineers of the Equipment Division of Specialloid Ltd. 

The Hon. Charles M. McLaren has been appointed a director 
of Westland Aircraft Ltd. 

_ Mr. W. W. S. C. Neville has been appointed a director of 
Singer Motors Ltd. 

Dr. Morris Reed, M.LE.E., has been appointed chief radio 
engineer at the Mitcham Works of Philips Electrical Ltd. 

Mr. J. R. Smith, O.B.E., who was director of Merchant Ship 
Repairs, Western Mediterranean, from 1944 to 1948, is to take up 
an important administrative position, early in June, at the head 
ries of Lloyd’s Register of Shipping, 71 Fenchurch Street, London, 


BUSINESS NOTES. 


Tube Investments Ltd., announces that it has acquired 
Crane Packing Ltd., Slough, Bucks. 


A. A. Jones & Shipman Ltd., announces that it has appointed 

Kerry’s (Great Britain) Ltd., Falcon Street, Ipswich, as distri- 

agent for its small tools in the counties of Norfolk, Suffolk, 
Cambridgeshire and Huntingdon. 


Price Reduction due to Improved Production Methods. 
Itis announced that in spite of rising costs in materials, improved 
ction methods have enabled the Associated British Oil 
Ltd. to reduce the selling price of the small Petter Single 
Cylinder air and water cooled petrol and petrol/paraffin engines 
(1 to 5 b.h.p.) by 20 per cent. 


Thos. W. Ward Buy Wagon Works. Imperial Works of 
D. G. Hall and Co., Ltd., Coverack Road, Newport (Mon.) has 
been purchased as a going concern by Thos. W. Ward Ltd., Albion 
Works, Sheffield. Thos. W. Ward intend to develop to the full 
ae scope of the various workshops. Wagon repairing will be 
given first Priority in view of its urgent necessity for the efficient 
peration of British Railways, and repairs to railway wagons of all 
types, both steel and wood, will be undertaken. 


The British Power Press Manufacturers’ Association. 
trade organization for British firms manufacturing Power Presses 
has been established under the title of “The British Power Press 
Manufacturers’ Association”? with the following 10 Founder 
Members :—E, W. Bliss (England) Ltd.; British Clearing 
Machine Co., Ltd. ; Cowlishaw, Walker & Co., Ltd.; Hum- 
* Sons Ltd.; E.H. Jones (Machine Tools) Ltd.; The 
‘ Box Co., Ltd.; Moon Bros., Ltd.; Joseph Rhodes & 
Ltd.; Taylor & Challon, Ltd.; Wilkins & Mitchell, Ltd. 

he Secretary of the Association is Mr. Gilbert T. Beach 
Who is also Secretary of the Gauge and Tool Makers’ Association. 


l ee etion Offices will be at Stanbrook House, Old Bond Street, 
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Mond Nickel Fellowship. The Mond Nickel Fellowship 
Committee announce the award of two Fellowships for 1947 :— 

Mr. L. H. Walker (Reynolds Tube Co. Ltd.) to study the 
methods of application of C= Industrial Research, with special 
reference to the fabrication of light metals. 

Mr. D. R. G. Davies (Richard Thomas Baldwins Ltd.) to 
study the application of statistical methods to plant metallurgical 
= management problems, with particular reference to the steel 
industry. 


NEW EQUIPMENT. 


Adam Motor-Drive Unit. This new individual drive unit 
— by Messrs. Adam Machine Tool Co., Ltd., of Finsbury 
Park, mdon, is designed to operate on bench lathes and other 
small machines, and eliminates overhead shafting thus reducing 
the possibility of accidents, the expense of bel boceniees and power 
consumption. The bench motor drive unit secured to the bench 
itself can be switched on and off as required. ‘“‘ Slip” of its short 
belt is almost impossible as its tension is individually controlled. 

The Redifon Induction Heater. The new 1} kW Redifon 
Model IH. 38 Induction Heater developed by the Rediffusion Ltd., 
of Wandsworth, London, S.W.18, had a highly successful debut 
at the recent R.C.M.F. Exhibition at Grosvenor House, London, 
where the equipment was used to demonstrate the soldering of the 
brass spindle to the steel drum of a condenser drive, the semi- 
ae ae handling gear also being designed and manufactured by 

ediffusion. 





The Brailey diamond signifies the best 
in electro-deposition of heavy nickel, 
hard chromium or protective finishes. 
It stands for scientific method and 
long practical experience—we were 
depositing nickel in 1900 and 
chromium in 1926. You can do 
no better than specify the Brailey 
process —‘“‘ on your next job.” 
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Philips’s General Purpose Spot Welder. A recent develop- 
ment of resistance type welding equipment made by Philips’ 
Electrical Ltd., is the type E.1504 | goes : ae spot welding 
machine, which is designed mainly for small productive runs and 
for mild steel components assemblies especially where the applica- 
tion does not require compressed air for its operation, with a maxi- 
mum welding capacity on clean mild steel of 2 x 4 in. It is oper- 
ated by a pedestal type unit and a trip switch for controlling the 
flow of primary current to the welding transformer. The secondary 
arms made from drawn copper, have the reverse ends drilled to 
enable welding stakes to be fitted in a Fanaa ition. The 
electrode stakes can also be offset at 20 degrees, for welding in 
difficult positions. 

New Electric Soldering Iron. A new soldering iron, the con- 
structional details of which are illustrated below, has been developed 
by the Acru Electric Tool Manufacturing Co., Ltd., 123 Hyde 
Road, Ardwick, Manchester. The resistance wire is totally enclosed 
under high pressure so that it cannot be stressed by mechanical shock, 
and is at the same time protected from oxidisation. This resistance 
wire is totally enclosed in a body which is cast around it so as to seal 
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the entrance of the connecting leads and by shrinkage pressure hold 
the wire and its insulation against any possible movement. A new 
construction of connecting leads and insulation, therefore, has 
been evolved to eliminate the use of the insulating beads which are 
another source of breakdown when subjected to mechanical shock. 


THIRTY-SEVENTH PARIS TRADE FAIR. 


The Foire de Paris will be held this year May 1-17. British 
visitors possessing a “ Carte de Légitimation ” obtainable from the 
London Office of the Foire de Paris, 14-15 Rugby Chambers, 2 
Rugby Street, London, W.C.1, will have permanent access during 
the whole fair. 

British and American firms will once more be worthily repre- 
sented in the more than 80 sections of the Fair. 


BOOKS RECEIVED. 


The New Theory of Reinforced Concrete based on its 
Plasticity at Fracture. (In German). By Dr. Ing. Rudolf 
Saliger. Published by Franz Deuticke, Vienna, 1947. Second 
revised and enlarged edition. 110 pp., 56 figures. Price 13 Swiss 
Francs. 

The first edition of this work, published in 1945, was of great 
interest to American and English experts because it represented a 
successful attempt to reach a better agreement between the theory 
applying to reinforced concrete and its behaviour in use. The 
new edition is a valuable continuation in the traditions of the 
Viennese “school” relative to iron concrete started sixty years 
ago by G. A. Wayss and Dr. F. Emperger the first editor of the 
periodical “‘ Beton and Eisen.” 

As the first edition is known, it is only necessary to review the 
additions in this edition. One of these is a method of estimating 
the minimum reinforcement required in beams to withstand fracture 
when subjected to bending loads. There is also a brief exposition 
regarding the percentage reinforcement allowable in exceptional 
cases in the compression layer of beams. | a: 

Proposals are made for complementing existing regulations 
whereby attention is drawn to Russian regulations, which were 
recently translated into German by the sponsorships of the Austrian 
“‘ Betonverein.” These ——— recognition of the “‘ New Theory” 
to a very large degree. committee has been entrusted in the 
incorporation of these regulations into Austrian practice. This 
book can be thoroughly recommended. 


* Oil Heating Handbook,” by H. A. Kunitz, M.E., published by 
Constable and Co., Ltd., London, 3rd edition, 464 pages, 21s. net. 
This edition of the well-known American handbook dealing 

with heating installations is based on American practice and stan- 

dards, and gives a very useful selection of information for those 
designing oil-fired heating installations and those responsible for 
servicing oil burners in moderate sized heaters. It gives data 
relating to heating installations using oil burners, without dealing 
with the technicalities of the burner itself. There is, however, 
much material in this book that is exceedingly useful for furthering 


139 


general knowledge and promoting the use of fuel oil, the p:operties 
of which are discussed and the factors involved in combustion ex. 
plained. Design data is given for heating systems based on steam, 
vapour, hot water, and warm air. The book contains many good 
tables, illustrations, clearly drawn charts, and has a valuable appen- 
dix giving the terminology in this field of engineering from a practi- 
cal viewpoint. 


Shadow and Diffusion in Iluminating Magioceting, by Koni 
Nooden, Ph.D., F.I.E.S., published by Sir Isaac Pitraan per 
Sons, Ltd., 1st edition, 1948, 165 pages, 25s. net. 

This book is extremely important to engineers concerned wi 
the illumination of factories, and other buildings, for per A 
efficiency, as well as health and comfort, depend largely upon 
correct lighting. It relates to the nature, variety, effects and forma- 
tion of shadows ; to the measurement, evaluation, and application 
of shadows and diffusion in designs for illumination. It also gives 
definitions, figures, illustrations, a glossary of terms, and a useful 
bibliography, which are of great assistance. Shadows represent 
the quantity of light lost by obscuration and diffusion to produce 
shedowless illumination and is therefore essentially a subject of 
great importance. Undoubtedly the author has provided a useful 
source of fundamental and technical information for all interested 
in this subject. 


Classified Advertisements. 


_ The Rate for all classified advertisements is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box number advertisements 
ls. extra. Instructions together with remittance must be received not 
later than the 3rd of each month for advertisements to appear in the 
same month’s issue. 





CONSULTING ENGINEERS have well-equipped Drawing 
Office (Central London) able to handle more work, and are pre- 
pared to undertake design of Special Purpose Machinery and 
working drawings of all types.—Box H. 124 “The Engineers’ 
Digest,” 120 Wigmore Street, London, W.1. 


CHIEF TOOL AND EQUIPMENT INSPECTOR 


REQUIRED FOR LARGE 
FIRM OF MOTOR CAR MANUFACTURERS 


Must have up-to-date knowledge of the latest methods 
of metrology as applied to continuous production 
methods.—Box No. H. 264. 


MACHINERY, ETC,, FOR SALE 
NISSEN TYPE HUTS, Ex-Government Stock, 36 ft. by 16 ft, 
£70 and £80; 24 ft. by 16 ft., £56 and £45. Other Buildings also 
available. Write for details.—Box, E.D., Universal Supplies, 
(Belvedere) Ltd., 45 Pickford Lane, Bexleyheath, Kent. 
Telephone: Bexleyheath 4227. Yard and Depot: Crabtree 
Manorway, Belvedere, Kent. 


ENGINEERING MATERIALS 
ALUMINIUM AND ALUMINIUM ALLOY SHEETS, 10-30g., 
also bars, tubes, and sections ; brass strip and rods ; copper sheet 
and +" Immediate delivery from stock.—Almex Ltd., Imperial 
Works, Watery Lane, B’ham, 9. 

BOTTLENECK IN CASTINGS ? We can probably help you! 
Small part of our capacity available at the moment for precision 
ALUMINIUM gravity die castings, ZINC pressure die castings, 
repetition sand castings in aluminium and TRON. High standard 
of workmanship; established 1828.—Write or ’phone: Thos. 
Ashworth & Co., Ltd. (Dept. A), Vulcan Works, Burnley, 
Lancs. (Burnley 3505). 

SHORTAGES !! SHORTAGES !! SHORTAGES !! From 
extremely large stocks which we are holding, we can cure your 
shortage troubles—Brass Bars, STEEL BARS, STEEL STRIPS, BRASS 
Strips, ALUMINIUM STRIPS AND Bars, COPPER WIRES, LAMP: 
Ho pers, SWITCHES, PLUGS, CABLE, and many other lines in short 
supply in the light electrical engineering industry. Send for com- 
prehensive list immediately, as these stocks are being rapidly 
reduced.—Box No. V. 254, “The Engineers’ Digest,” 120 Wigmore 
Street, London, W.1. 
To the Advertisement Manager, “© THE ENGINEERS’ DIGEST,’ 

120, W1GMORE STREET, LONDON, W.1. 


Please insert the enclosed Classified Advertisement in your next 
available issue. 


Cheque/Postal Order value 





words enclosed 
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LATEST INDUSTRIAL LITERATURE 





1. Power Application. A 22-page catalogue devoted to petrol 
engine driven stationary and mobile welding sets, battery charging 
sets and both single and two-stage air compressors mounted on high- 
trailer chassis, has just been issued by power application 
specialists. The experience gained during the war in the applica- 
tion of “mass produced power,” has led to the motor vehicle 
ine becoming a proposition for industrial or tractive power 
application such as described and illustrated in this catalogue. 


2, Water Meters. 2 and 4-page leaflets, of the greatest interest 
to the waterworks engineer, describe and illustrate rotary piston 
water meters. Of special interest is a ‘‘ frost protected” meter 
where the whole of the protection is afforded by pads of special 
quality expanded natural rubber, suitably placed within the meter 
casing. Loss of head curves plotted against mass flow are given. 
A range of liquid strainers is also described and indication is given 
on special instruments for process control and temperature cor- 
rection. 

3. Waterworks Fittings. 7 well-produced multi-page leaflets 
deal with a wide range of water control apparatus such as Sluice 
Valves, Kinetic Air Valves, Tilting Disc Reflux Valves, Liquid 
Meters, Pressure Reducing Valves, and Fire Hydrants. Range 
of sizes and other particulars are included. 


4, Duty Bronzes. The designer who is requiring alloys 
specially developed for a particular purpose and special service 
conditions will welcome the well-documented folder, on Special 
Bronzes giving physical data, examples <a and some of 
the methods employed in checking quality. The information 
available should help the engineer to reduce to a minimum the 
limitations set by lack of suitable materials. Physical properties are 
reproduced in concise form on two cardboard data sheets “ Data 
for Designers.” 


5, Reproduction Equipment. A 16-page booklet describes all 
types mcsebacsion equipment for every conceivable requirement 
of the drawing office. he method of reproduction consists of two 
steps—exposure and dry development. Since there is no contact 
with liquids, all copies are true to scale. Other equipment described 
covers the needs of the surveyor and the draughtsman. 


6, Elastic Bushes. A 28-page beautifully produced loose-leaf 
catalogue illustrates rubber-to-metal bushes as applied to torsional, 
radial, conical and axial types of loading. This catalogue should 
prove to be of great value to design engineers as it contains physical 
data as well as many examples of practical application. A few 
questionnaires are appended for supplying that information to the 
makers which should enable them to give recommendations to the 
designer. 

7. Air Operated High-Pressure Pumps. Interesting oppor- 
tunities are offered by the development of this pump delivering high 
pressure liquid at the expense of a relatively small quantity of com- 
pressed air. Manufactured in complete range of both single and 
double acting models, these pumps operate automatically at a definite 
predetermined hydraulic pressure. The range of models is con- 
structed mainly of non-ferrous materials; where steel is employed 
itis protected by rust-proofing, and the ram is made of solid drawn 
Monel metal, so that standar: pooee can be used with oil, rr 
water and other non-corrosive liquids. Leaflets are available. 


8. Tool Steels, Stainless Steels and Heat Resisting Steels. 
A 150-page leatherbound book supplies most important and useful 
information to users of high speed steels, hot and cold die steels, 
alloy tool steels and carbon cast steels. he book is well illustrated 
ind contains a number of useful charts as well as detailed lists of 
sizes in stock. Another 47-page catalogue of the same firm is 
devoted to acid and corrosion resisting stainless steels and heat 
Tesisting steels. Mechanical properties and physical characteristics 
are given and some of these are plotted in full-page diagrams. 


9. Space Warming by Electricity. A 16-page brochure deals 
with various methods for warming a electricity. The selection 
of the most suitable method for a particular application depends 
upon the type and function of the building and requires expert 
engineers to secure optimum results. The methods described 
comprise continuous Direct Warming, Intermittent Direct Warming, 
and Continuous Indirect Warming by Thermal Storage. 


10, Laboratory Condensers and Inductances. A 31-page 

quick-reference catalogue for engineers and others engaged in 

fatory work, giving essential data on Variable Air Condensers, 
tance Units, Filter Condensers and Inductances. 


ll. Thermostats, Valve Retainers, etc. Single-page leaflets on 
4 number of electrical items, most of them applicable to electronic 
circuits, fire detection, refrigerators, soil heating, and other purposes. 
The leaflets refer to bi-metal thermostats, valve retainers (net and 
stfap types) 3 heat cord switches, cord switches (through type), 
and resistance cords (heating elements). 


12, Resistances and Potentiometers. An excellent catalogue 
gives general information and engineering data (containing the 

tical back-ground for calculating resistances and some useful 
homograms) on Fixed and Semi-Adjustable Resistors, Sliding Re- 
sistances and Potentiometers, Rotary Controls, Accessories and 
Regulating Transformers. 


i Diesel and Petrol Engines. Diesel Engines from 3 to 40 

‘p. and Petrol Engines from 1 to 5 h.p. are described in a booklet 

M pocket-size which gives brief particulars and specifications of 

sngines together with engine speeds, pulley sizes, dimensions and 
useful data of the various models. 
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14, Electrical Measuring Instruments. D.C. Moving Coil 
Instruments are described and illustrated. These instruments for 
laboratory and general use, range from 2 in. to 4 in. dial size, and are 
fitted in black bakelite cases. hey withstand very heavy momen- 
po 4 — without either damaging the movement or disturbing 
its balance. 


15. Cathode-Ray Oscillographs and Electrical Instruments. 
A neat loose-leaf folder, each page illustrating and describing an 
electrical instrument or apparatus. The cathode ray Oscillograph 
shown is a general purpose instrument using a 3} in. tube. A 
linear time-base generator and a push-pull vertical amplifier are 
incorporated. Other instruments illustrated are an a.c. operated 
bridge for measurement of capacity and resistance, Valve Testers, 
Multi-range Meters for d.c. and a.c. and Radio Frequency Signal 
Generators. Also a Circuit Analyser designed for testing receivers 
by tracing the signal through the receiver and checking its condi- 
tion from stage to stage. 


16. Electrical Measuring Instruments. For those interested 
in Precision Instruments, there is a complete range described and 
well illustrated. Every requirement is met from miniature to 
portable and to industrial switchboard instruments. A Resistance 
and Capacity Bridge with Electronic Voltmeter meets the demands 
of the Radio and Television Service engineer. 


17. Hob Testers and Tap Grinders. The tap grinding attach- 
ment shown is designed to be used on any cutter grinder using a 
cup or cone-shaped wheel. The hob testing machine is primarily 
designed for measuring the profile of the hob tooth on the cutting 
edges formed by the gash of the flute. It accommodates hobs up 
to 8 in. dia., maximum distance between centres 18 ins., and maxi- 
mum lead 9 ins. 


18. Press Tools, Jigs and Fixtures. A 10-page booklet intended 
to serve as a “ a— »” into the activities of toolmakers who have 
designed and manufactured tooling equipment for the best known 
companies of the country. The range of activities comprises press 
tools, jigs and fixtures, diecasting dies, moulds, multi-drill heads, 
gauges, accessories and special machines. 


19. Locknuts. Most mechanical engineers will know about nuts 
incorporating a special fibre collar exerting a considerable anti- 
rotational force which prevents the nut from turning. It may be 
less well-known, however, that the same effect is obtained by the 
pinnacle metal diaphragm nut which, in addition, is unaffected by 
oil and heat. This is well illustrated in this leaflet. 


20. Engineers Tools. A tuck-in folder containing a number of 
leaflets describing small tools such as oopacse reamers with 
blades of high-speed steel and multi-tool holders. Of special 
interest are expanding pilot reamers for stub axle and piston work. 


21. Air and Oil Filters. A wide range of filters covering every 
—— requirement likely to be encountered is described in separate 
eaflets. here are filters for the smallest engine and big filters 
such as used in air conditioning. 


22. Gauges and Measuring Instruments. An_ interesting 
leaflet showing a great number of precision gauges and instruments 
such as Slip Gauges, Plug Gauges, Bench Micrometers, Com- 
parators, Sine Tables and Bars, Optical Flats, and Adjustable 
Limit Gauges. 


23. Tubular Metallic Packing, New Jointing Material. The 
tubular metallic packing illustrated and described comprises two half- 
rings which are hollow and for most applications are filled with a 
graphite lubricant. Small holes are provided on the inner surface of 
the ring to allow the lubricant to exude and lubricate the rod. The 
jointing material, a sample of which is attached to the leaflet, com- 
bines the advantages of cork with the resilience of rubber. Numer- 
ous applications are listed. 


24. Magnetic and Electrical Alloys. A leaflet describing nickel- 
iron and silicon-iron productions consisting of laminations, assem- 
blies, screening boxes and tubes, and cores. Technical data of the 
materials used are given. 
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AT AYAVELEDD 


AN ALL-PURPOSE SPOT WELDER 
PEDAL OPERATED 


I. UNIVERSAL ARM 
ADJUSTMENT 

2. BUILT-IN TIMER 

3. FULL RANGE OF TOOLINGS 


Arm movement is both vertical and bodied — within easy reach of the 
horizontal —a big advantage with ee. A comprehensive range 
many welding jobs. An automatic of toolings is provided for use with 
welding-time control unit is em- __ this versatile machine. 


Send for (a) brochure ED.937 giving a full description of the type E.1504 and its 
uses, and (b) an illustrated catalogue of all standard toolings. 
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